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Its  aUPRUEMEMTARY  NOTES 


1».  KEY  WOaOS  fCatrtfaaa  an /aiwaa  •(*  l/aacaaaao- and  ISwWfr  »r  Mac*  iiubA«J  2,4,6— trinitrotoluene  (IST),] 
l,3,5-trinltrohexahydro-l,3,5-triazlne  (SDK),  2,4-dinitrotoluene,  trinitroglyced 
Ine,  l,3~dtnitroben2ene,  1,3,5-tricitrobenzene,  2,6~dinltrotoluene,  2,3,6>-trlnl-| 
trotoluene,  2-ajniao-4,6-dinitrotoluene,  3,4-dinitrotoluene,  5-a«ino-2,4-dlnltro-^ 
toluene,  environmental  fate,  transformation,  photolysis,  hydrolysis,  blddegrada- 
tion.  volatilization,  oartittga  sas£ftcieatR,,„g»idatioa  yatss„,-balf:tUffi - 

M.  AaSTWACrfOiaNS—  aM>  StwMaaaay  —t l#>»ny  Ir  Ma««  m— ai? 

T!»e  objective  of  this  study  was  to  perform  a  literature  review  on  the  trans- 
P'  and  transformation  proccisses  that  may  affect  the  envirtromental  fate  of  11 
tlon  wastewater  constituents.  Estimates  of  kinetic  rate  cwastants  for  vol~ 
atiliaation,  sediment  adsorption,  biodegradation,  photolysis,  chemical  oxldatioi 
were  made  from  available  literature  data.  Hecomnieodationa  for  the  further 
elucidation  of  environmental  fate  are  made  to  fill  the  gaps  identified  in  the 
literature  review.  — 
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*Efee  purpose  of  this  ph^e  of  the  project  was  to  review  tlte  litera¬ 
ture  to  ideatify  and  estimte  the  sagnitude  of  the  transport  ssd  traaas- 
fomatloa  processes  believed  to  be  important  in  describing  the  mviroa- 
aeatal  fate  of  11  munition  wastewater  constituents  in  the  aquatic 
enviromaent.  These  constituents  were  IjAiS-lST;  SDX;  2*4-3®?  1^? 
i.S-dinitrobenzene;  l.b-iaiT;  l,3,5-trinitroben2eae;  Z,3,6~’!3frj  2-as£dGO- 
4,6"dinitrotoluenej  5-a!Bino-2*4-dinitrotoluene;  and  3,4-Ksn;. 

The  literature  was  surveyed  to  obtain  rate  data  pertaining  to  the 
photolysis,  hydrolysis,  oxidation,  reduction,  microbial  transforaation, 
volatilization  and  sediment  sorption  processes  for  each  compound. 
Physical  {solubility  and  vapor  pressure)  properties  were  also  inves¬ 
tigated  to  aid  in  the  estimation  of  process  rates. 

The  results  of  this  review  indicate  there  is  little  information 
available  for  determining  the  environmental  fate  of  the  subject  com¬ 
pounds.  Although  many  fate  processes  were  identified  for  each  compound, 
the  available  kinetic  rate  estimates  could  not  be  extrapolated  to 
environiaental  conditions. 

The  processes  believed  to  be  dominant  fate  processes  were  identi¬ 
fied,  and  recommendations  for  the  necessary  studies  to  fill  the  gaps 
in  the  literature  for  each  compound  were  made. 
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The  Q.S.  Axsijr  tSedti^sl  Bioeagiseerlag  Essaardt  s&S.  Bevelopc^t 
Laboratory  is  res|){maible  for  recoastsading  adiieat  vater 

quality  criteria  for  aualcioo  productioa  and  handling  facilities. 

To  make  such  recooneridatioiis,  tFS&MS&DL  must  know  the  ^^Ironw^tal 
impact  of  pollutants  generated  at  these  facilities  and  the  potential 
hazards  associated  with  their  discharge. 

Hazard  asseesraent  for  a  chemical  requires  specific  information 
about  its  concentration  in  the  envirooiEent  and  its  toxicity,  as  well 
as  about  the  population  likely  to  be  exposed.  The  environmental  fate 
of  a  chemical  can  fae  predicted  as  a  function  of  time  and  location  by 
use  of  a  series  of  kinetic  and  equilibriu®  equations  that  describe  the 
races  of  dominant  loss  processes  (photolysis,  hydrolysis,  etc.) 
under  specific  environmental  conditions.  These  equations  help  to 
identify  the  major  coapartaents  in  which  a  chemical  is  distributed 
and  when  coupled  with  the  environmental  conditions  that  represent  the 
point  of  discharge,  the  persistence  of  a  chemical  can  be  assessed. 

SRI  International  has  developed  a  metbodology  and  a  counter 
model*  to  predict  the  environmental  fate  of  pollutants  in  various 
aquatic  systems  based  on  laboratory  measurements  of  specific  «iviron- 
mental  processes.  This  model  Integrates  kinetic  and  equilibrium  data 
for  microbiological  and  chemical  transformations  with  physical  trans¬ 
port  pathways  in  a  multi compartment  aquatic  model  to  predict  the 
concentration  and  the  dominant  processes  that  transform  and  transport 
organics  in  aquatic  systems.  The  model  can  predict  steady-state  or 
time-dependent  concentrations  of  discharged  pollutants  so  that,  together 
with  toxicity  and  exposure  information,  a  hazard  evaluation  can  be  ^de. 

*  A  modified  version  of  this  model  (EXAHS)  is  now  available  from  EPA 
(Athens)  and  will  be  used  for  fate  assessment. 


Phase  r  of  this  studty  was  to  |>@yforB  a  literature  reeiew  «i  11 
mmltioQ  wastewater  coastitosaats  to  ieteotiff  ftoasiMe  ^ovixmia^^sl 
fate  processes  a&4  to  obtain  kinetic  aaii  e^ilibidltsa  4a£a  for  these 
processes  that  ml^t  be  osed  to  estimate  persistsfliee  scooriiias  to  t]|»s 
model.  From  tMs  rerleir.  a&y  ^ftps  la  the  k&owl<^l^  wottld 
revealed,  definiag  tbssae  areas  where  fiirther  work  is  Heeded. 

OSdHSit&l  grouped  the  emltioo  wastewater  ccHistitHeots  into  three 
categories  by  priority.  Ihe  chemicals  ia  Category  I  are  2,4,6- 
trlaitrotoluene  (2,4,6-TliT) ,  RDX  (l,3,5-triii±trdbiex^iydro-i,3,5~ 
trlazlne),  2,4-d±nitrotoluette  <2,4-UST),  and  trlnitroglyeeriue  (X1E^>. 
Category  II  chemicals  are  l,3~dinitrobenzene  (l,3-i:@3E),  2,6-diiilcro- 
toiuene  (2,6-CST),  l,3,5-trtnitr(d>eii2eae  (1,3,5-lSB),  and  2,3,6- 
trinitrotoluene  C2,3,6“11?r).  Category  III  coi^itlaes  2-^a±iio-4 ,6- 
dlnitrotoluene  {2-A-4,6-MT)  ,  5— amlHO— 2 ,4— dinitrotolrieae  (5~A— 2,4-DST), 
and  3,4~diaitrotoluene  (3,4-S^'T).  These  chetaicals  emanate  primarily 
from  the  THT  manufacturing  Industry  and  from  load,  assemble,  and  pack 
facilities  as  well  as  from  SDK  and  TNG  production  facilities.  This 
review,  and  the  subsequent  studies  proposed,  are  designed  to  aid  the 
Army  In  defining  water  quality  criteria  at  munition  facilities  and 
in  g^d.dlag  its  pollution  abatement  programs. 
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thB  pul3-liake4  literature  uas  usisg  Wth  c«sg^eer 

sasuai  search  methods.  The  cms^ter  searches  isiciuded  sudb  data  bases 
as  €^'^i.eal  ^stracta  C19?2-19?9>,  mS  lepsrts  ClfS4-19'‘S) , 

BlQlo^cal  Abstracts  a969-pteseRt) ,  S'OtlirflOT,  E8VI»L1SE»  S8?m®ll, 
aad  the  cbes&ical  liase  vss  used  as  the  key  ward  t&  ebtals 

article  titles  and  abstracts.  Tba  indices  to  chemicsi  abstracts  irom 
1906  to  1978  were  scaimM  squally  ttnder  each  clumical's  ftsiMiing  for 
key  wordla  related  to  traxeiport  and  transfotmtlon  processes,  kelevifmt 
articles  were  obtain^  fr<»s  those  abstracts  that  appeared  pressing. 

Also  revitEwed  ia  this  suwey  wsrs  awntbiy  and  final  reports  on 
past  and  current  contracts  supported  by  ti®  DSA^KBL  cm  transport  and 
transforoiation  processes  of  the  scdiject  cheffllcaXs. 

The  objective  of  the  literature  review  was  to  obtain  specific 
data  on  the  physical  properties  and  rate  processes  of  the  11  conq^ounds 
relevant  to  eavironinentai  craasfornwitton  processes  at  Artoy  discharge 
sites.  These  data  are  the  necessary  ccaeponents  of  environmental  fate 
BOdeling.  The  specific  physical  properties  and  rate  constants  inves¬ 
tigated,  alcmg  with  their  relevance  to  the  detetmlnaclon  of  environ- 
roeatal  fate,  were: 

•  Solubility  in  water — Necessary  for  the  deteraination  of  n«ean- 
ingful  rate  constants  and  sorpt' m  partition  coef ficiemts  and 
for  estimation  of  the  Benry's  law  constant. 

•  Vapor  pressure—Secessary  for  estiaation  o.  the  Benry’s  law 
constant,  which  in  turn  can  be  used  to  estlsnate  the  volatili¬ 
sation  rate  of  a  chemical  ftosi  water. 

•  Sorption  and  blouptake  partition  coeff icieacs—Indicate  how 
strongly  the  chesaicai  will  partition  to  soils,  sediments,  and 
biomass . 
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Wistilisation  ratfe  casstmit  i'roa  watffir^”Ifeed  to  estimte  fesw 
rapidly  a  cbest-iisal  will  ’sroiatiiis®  «ad«r  eoadiitioas  repTe§®t” 
tati-^  o£  dlif&T&sit  freatiuater  aquatic  styateim. 

Maorptioa  speetr«Bs  at  greater  ttes  290  -s®— 

Necessary  for  detersimti^i  of  the  potaatlal  for  4ir^t  pljoto- 
chofiiical  erassforastimi  in  the  eavirmsxseat. 

Qoaaatuffl  yiei4->“!&aswre«  the  effieleacy  o£  a  ptetocheadcal 
process  j  secessary  for  the  calcaiatios  of  the  photodas^lcal 
rate  cosstaat. 

Ffaotocfaeaicai  rate  coastsnt— Sinetic  rate  eoastasat  derived 
irmt  the  qaamtom  yield,  absorption  spectrtsa,  and  ligbt  iinte£i~ 
sity;  gives  the  rate  of  photolysis  of  a  chemical  in 
Hydrolysis  rate  constant — Kinetic  rate  constant  ftiss  which  the 
rate  of  loss  of  a  cfaaaical  due  to  hydrolysis  can  be  deteralaed 
under  relevant  envlroEiaentai  conditioos  CpH,  tes^raturs,  etc.) 
Oxidation  or  reductioa  rate  cotsatant— Kinetic  rate  coastants 
fro®  ahich  the  rate  of  loss  of  a  chemical  due  to  oxidation  or 
reduction  processes  can  be  determined  under  envirojsEentai 
conditions. 

Biodegradation  rate  constant' — Kinetic  rate  constant  from 
which  the  rate  of  loss  of  a  chewicai  diie  to  biotraasfonjiatloti 
can  be  determined- 


RESULTS 


SUMMARY 

Although  the  literature  on  the  chemistry  of  the  majority  of  the 
compounds  is  abundant,  little  of  it  relates  directly  to  the  data 
necessary  to  determine  environmental  fate.  Most  of  the  data  concern 
physical  transport  processes  as  summarized  in  Table  1.  Some  of  these 
data  are  insufficient  for  the  proposed  assessment,  so  laboratory 
studies  are  necessary  to  measure  the  property  or  constant.  Detailed 
evaluations  and  citations  to  the  literature  on  nitro  compounds  are 
presented  in  the  sections  on  each  chemical. 

Table  2  suDonarizes  the  kinetic  data  for  hydrolysis  and  photolysis 
transformation  processes  including  equilibrium  constants  for  the 
addition  of  hydroxide  ion.  Table  3  is  a  summary  of  blotransformation 
processes.  These  transformation  processes  are  detailed  for  each 
chemical  in  the  subsequent  sections. 

CATEGORY  I  CHEMICALS 

2,4,6-Trinitrotolueae  (2,4,6-TNT) 

Summary  and  Recommendations 

A  volatilization  rate  constant  for  2,4,6-TNT  can  be  estimated 
from  extrapolated  values  of  vapor  pressure  to  calculate  Henry's  law 
constant.  This  estimate  should  be  verified  by  laboratory  studies. 

Data  from  the  literature  suggest  that  sediment  adsorption  should 
not  be  significant.  However,  experiments  were  not  performed  under 
total  equilibrium  conditions,  and  a  trend  toward  irreversible  adsorp¬ 
tion  was  noted.  Further  studies  are  needed  to  define  the  part  ioning 
processes  for  2,4,6-TNT. 

Photolysis  is  projected  to  be  a  significant  fate  process.  2,4,6- 
TNT  has  uv  absorption  above  290  nm,  and  laolar  absorptivity  needs  to  be 
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measured  in  the  solar  region.  Detailed  rate  studies  are  necessary,  as 
are  studies  on  the  effect  of  pH  on  the  photolysis  rate. 


Biotrane formation  may  also  be  a  significant  fate  process  for 
2,4,6“TST.  Both  degradation  rate  st\idles  with  enrichment  cultures 
obtained  from  natural  waters  and  studies  is  the  presence  of  sediments 
are  necessary.  Reduction  of  the  nitro  group  appears  to  be  the  primary 
step  in  the  transformation  of  2,4,6-Tirr,  so  both  aerobic  and  anaerobic 
tranafonaatlon  studies  may  be  important.  Studying  biotransformation 
in  the  presence  of  light  may  also  elucidate  the  ultimate  fate  of 
2,4,6-lllT. 

Physical  Properties 


Solubility  la  Water 

Hie  solubility  of  2,4,6-TNT  in  water  at  20®  C  reported  by 
Urbanski  (1964),  0.0130  g/100  g  of  water  (5.7  x  10~*  M,  130  ppm), 
agrees  well  with  the  value  of  117  ppm  (5.2  x  lO"*  M) ,  which  was 
recently  measured  by  Spanggord  (1977).  The  average  of  these  values 
is  124  ppm  (5.4  X  10"*  M) .  Ihe  values  of  86  and  83  ppm  at  21®  C, 
reported  by  Battelle  (1978) ,  are  probably  erroneous  because  the 
saturated  solutions  were  filtered  before  analysis;  the  filter  may  have 
adsorbed  some  of  the  dissolved  TNT. 

Vapor  Pressure 

The  vapor  pressure  of  solid  2,4,6-TNT  was  measured  by  Pella 
(1977),  who  used  a  gas  saturation  technique.  His  data  fit  the 
equation 

logxo  P(torr)  »  (12.31  ±  0.34)  -  (5175  ±  105) /T 
At  25®,  the  vapor  pressure  of  solid  TNT  measured  by  Pella  was 
8.02  X  10-*  ±  0.16  X  10"*  torr. 

Maksimov  (1968)  obtained  data  using  2,4,6-TNT  tdien  it  was 
near  Its  boiling  point.  Reasonable  estimates  for  the  extrapolated 
vapor  pressure  of  the  supercooled  liquid  are  1,7  x  10~*  torr  at  25*  C 
and  1.0  X  lO"*  torr  at  20*  C. 


Hitta  et  al.  (1950)  ffleaswead  tha  vapor  presaure  of  TST  over 
a  tmperature  raoge  of  68  to  88®  C  using  a  Modified  Kaudsen  technique. 
Those  data  can  be  extrapolated  to  20®  C,  giving  values  of  4.5  x  10”* 
torr  (solid)  and  2,8  x  10”**  torr  (liquid). 

Physical  Transport 

Volatilization  Rate  from  Water 

A  value  of  the  Henry’s  law  constant,  for  a  chenical 
can  be  calculated  using  the  equation 


(i) 


where  is  the  vapor  pressure  of  the  supercooled  liquid  and  is 

the  solubility  of  the  chemical  in  water.  For  2,4,6-TST, 

H  -  1.0  X  10-‘/5.2  X  10“''  «  0.18  torr  M”’ 
c 

Because  the  value  of  is  much  less  than  IQ  torr  IT*,  we  predict 
that  the  volatilization  rate  of  2,4,6-THT  will  be  limited  by  mass 
transport  resistance  In  the  gas  phase. 

The  literature  search  revealed  no  measurements  of  the  volatil¬ 
ization  rate  of  TNT.  The  estimated  value  of  the  volatilization  rate 

C  A 

constant  in  the  environment,  i-®  estimated  from  equation  (2) 


(2) 


molecular  weight  of  water 
molecular  wei^t  of  the  chemical 

mass  transport  coefficient  of  water  in  the  environment 
depth  of  the  water  body 


See  Appendix  A  for  the  development  of  volatilization  rate  equations. 
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Using  values  of 


IhL]  is 
vfenv 


(^)»v 


“  21Wi  €3S  hr'^,  aad  1.  «  200  c«, 

eaur 


(A 

\rf) 


(2100) 


(200) (62.4) (293) 


2.44  X  10"*  B  (n^r^  (hr"*) 
c 


“  2.44  X  10"*  (0.18) (227) 


-is 


-  2.9  X  10"*  hr"* 
»  In  2/k^ 

“  990  days 


This  is  an  approximate  estimate,  and,  because  of  the  assumptions 
required  to  make  the  estimate,  it  could  be  in  error  by  an  order  of 
magnitude  or  more.  Screening  studies  of  the  volatilisation  of 
2,4,6-TNT  are  recommended. 


Sorptiott  oa  Soils  aad  Sedlae^itg 


Syracuse  Eesearch  Ccrporatlim  C1978a,b,c)  aeastired  Borp- 
tion  on  four  sediments  and  obtained  Ep  values  of  5.5  to  19.3  after 
24-hour  equilibration  These  partition  coefficients  indicate 

that  sorption  is  not  a  significant  fate  for  TKT,  becatise  strongly 
adsorbed  materials  have  partition  coefficients  greater  than  100.  The 
adsorption  erperlfflencs  indicated  that  adsorption  equilibria  was  sot 
fully  obtained  in  24  hours,  but  they  did  not  elucidate  the  mechanism 
or  estimate  the  extent  of  the  continued  adsorption.  The  sediaients 
used  were  not  characterized,  so  we  cannot  predict  sorption  partition 
coefficients  for  other  sediments. 

Battelle  (1978)  conducted  soil  column  tests  to  determine 
whether  TNT  migrates  into  groundwater.  However,  the  experiments  were 
terminated  before  enough  data  were  collected  to  determine  ralgraticm 
rates.  The  experiments  cannot  be  used  to  determine  partition 
coefficients. 

Karickhoff  et  al.  (1978)  and  Kanaga  and  Goring  (1978)  have 

shown  that  sediment  and  soil  partition  coefficients  are  strongly 

correlated  with  the  organic  carbon  contents  of  the  soil  and  with  the 

solubility  of  the  chemical  in  water.  Figure  1  sismuarizes  their  data, 

as  well  as  data  obtained  by  Smith  et  al.  (1978).  These  results  suggest 

that  the  value  of  K  “  K  /F  can  be  estimated  from  Figui^e  1  within 
oc  p  oc 

about  an  order  of  magnitude.  The  equation  for  the  line  representing 
the  linear  least- squares  fit  to  the  data  is 

log  -0,27  -0.782  x  log (solubility,  M).  (3) 

Osing  Che  average  solubility  of  5.4  x  lO'*'  M,  the  predicted  value  of 

is  190.  Using  a  value  =  0.07,  which  is  "typical,”  the 

predicted  value  of  K  -  K  F  »  (190)(0.07)  =  13.3. 
p  oc  oc 

Additional  sorption  experiments  are  recommended  to  determine 
how  Che  partition  coefficient  is  related  to  sediment  and  soil  proper¬ 
ties  and  how  extended  contact  times  affect  the  partition  coefficient. 
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FFICIENT 


Lg  Absorgsloa  Si>ectraB>  >  2SQ  im 


SchToeder  et  al.  (1951)  reporte4  tbat  ia  atliaftol  solgaat, 

2.4.6- 1srar  bas  aa  absorption  coefficient  of  10*  at  310  na;  the  data 
do  not  extend  beyond  320  ns.  Abe  (1959)  measured  the  w  spectra  of 

2.4.6- ’ESfi;  in  several  solvents  in  the  range  of  300  to  400  nils.  In  ^«ater» 
absorptiCTs  coefficients  were  approjclaately  650,  250,  and  30  cn~* 

at  3Q0,  350,  and  400  nai,  respectively. 

Photolysis 

Burlinson  (1978)  has  studied  the  photolysis  of  WT  in  a  natural 
river  water  and  in  distilled  water.  He  found  that  in  the  sunlit 
natural  water  (pH  8.2;  TOC,  4.48  mg/liter),  the  TST  concentrations 
neared  zero  after  6  to  8  days;  in  the  dark,  the  same  solution  required 
30  days  for  90%  loss  of  TNT.  The  products  identified  frcm  the  natural 
water  reaction  were  1,3,5-TKB,  2,4,6~trinitrobenzaldehyde  (THBAL),  and 
three  biotransfonnatioa  products  (amino  nitto  coaspounds).  1,3,5-TNB 
%His  the  major  product  formed,  with  a  10%  yield  obtained  after  8  days; 
yields  of  IjS.S-TNB  were  subsequently  reduced  by  biotransformation. 
Burlinson  also  reported  that  in  the  river  water  was  85%  converted 

to  1,3,5-TKB  in  30  minutes,  but  the  reason  for  this  rapid  conversion 
of  TNBAL  to  1,3,5-TNB  is  not  known.  In  distilled  water,  photolysis  of 
TNT  produced  only  TNBAL. 

Burlinson  end  Glover  (1976)  reported  earlier  that  photolysis  of 
141  ppm  TST  at  >  290  nia  was  more  rapid  in  Mississippi  River  water  than 
in  distilled  water;  they  attributed  the  rate  difference  to  the  higher 
pH  of  the  river  water,  which  changed  from  pH  7,1  to  6.8  during  the 
photolysis.  This  was  similar  to  the  observation  of  Burlinson  et  al. 
(1973)  that  60  minutes  of  photolysis  of  TNT  at  >  290  nm  in  DjO  gave 
3,  48,  and  70%  losses  of  TNT  at  pH  1.1,  3.0,  and  6.0,  respectively. 

In  the  TNT  recovered  from  the  pH  1.1  and  6.0  solutions  after  the 
photolysis,  deuterium  incorporations  were  75  and  50%,  respectively. 

In  that  1973  study,  Burlinson  et  al.  also  examined  ”pink  water," 
which  was  prepared  by  exposing  saturated  120-  to  130-ppm  solutions  of 


fSH  3  Eg  source  filtered  By  feorasiiicate  glass*  |slak  water 

cotttaiaed  as  products  133BAL,  1, 3,5-1^.,  2,4,&-triuitrobea20iiicrile, 

Slid  4,6-dinitroantEaall.  Burliasoa  et  ai.  also  found  tlist  wEea  SIT 
in  an  aqueous  solution  was  eifposed  to  sunlight  for  4  days  (30  hours  of 
about  75%  loss  of  starting  jnaterial.  occurred  and  an  addi¬ 
tional  four  substituted  azoxybensene  compounds  were  produced*  Only 
20%  of  the  products  were  obtained  in  the  benzene  extract  of  this  pink 
water  solution.  When  the  T8T  photolysis  was  performed  in  tetrabydxo- 
furaa  solvent,  a  47%  yield  of  azoxy  ccaipouiids  was  obtained,  and  the 
authors  reasoned  that  the  formation  of  azoxybenzene  co^ounds  In  pink 
water  must  also  require  a  hydrogen  atom  donor. 

Burlinson  and  Glover  {1977a)  have  also  repotted  that  photo- 
producta  in  photolyses  at  >  290  n®  were  not  significantly  different 
when  the  initial  concentrations  were  113  and  4.5  ppa.  In  a  subsequent 
report  (1977b),  they  did  find  that  photoproducts  were  different 
depending  on  whether  the  Hg  lamp  source  had  the  borosiXicate  filter. 

In  contrast,  Spanggord  et  al.  (1978)  found  no  significant  difference 
in  pfaotoproducts  from  TNT  photolyseo  performed  using  sunllj^t  or  a 
borosilicate-fiitered  Hg  source. 

Suryanarayanan  and  Capellos  (1972,  1974)  investigated  the  photo¬ 
lysis  of  Ttrr  using  flash  photolysis  techniques.  They  found  that  the 
formation  or  decay  rates  of  the  aci-qulnoid  intermediates  were 
unaffected  by  the  presence  of  molecular  oxygen.  In  nonpolar  solvents 
(benzene  or  cyclohexane),  the  absorption  maximum  was  at  460  nm,  with  a 
decay  rate  constant  of  1.04  x  10*  sec"^.  In  polar  solvents  (methanol 
or  acetonitrile),  X  were  found  at  500,  540,  and  630  nm.  Decay  rate 

constants  of  the  transient  were  measured  as  1.74  sec"^  in  methanol 
and  0.44  sec~^  In  acetonitrile  solvents.  In  the  1972  report,  the 
authors  also  wrote  that  the  aci-quinoid  TNT  isomer  has  a  pKa  of  “0.53. 

Sandus  and  Slagg  (1972)  have  reported  a  disappearance  quantum 
yield  of  1  X  10"*  for  the  photolysis  of  2,4,6-TNT  in  heptane  solution 
at  254  nm,  with  the  quantum  yield  independent  of  oxygen.  The  authors 


ais0  s.  mean  lifetime  of  1.5  ±  0.3  i^ec  for  th&  ot;  ister^~ 

4iate  forete4  iti  a  flash  i^liotolysis  the  wtsiMm  ahaorptioa 

for  cfea  iaters^diate  was  afeout  470  aaa. 

Hydrolysis 

Ko  hydrolysis  of  2,4,6-lM^  is  eaq^ected  mder  eaxriroiiSKitai 
coaditions- 

Blodegradatloa 

Ihe  laicrobial  degradation  of  2,4,6-'Q}T  has  heca  a  stsbject  of 
interest  since  the  19408.  Sogovskaya  (1951)  observed  biological 
decoraposition  of  TST  at  the  cer  level.  He  reported  that  HiT 

concentrations  of  0.5  to  1.0  sg/litar  have  negligible  effects  of  stre^ 
self-purification,  but  increasing  concentrations  Inhibit  it. 

Using  phenol-adapted  mixed  bacteria  from  soil,  coKpost,  or  and. 
Chambers  et  al.  (1963)  evaluated  the  biodegradation  of  many  arcasatic 
coapounds  by  respiratory  techniques.  They  observed  a  slow  but 
significantly  higher  oxygen  uptake  rate  with  2,4,6“'ISIT  at  100  ag/llter 
than  endogenous  respiration,  indicating  IHT  is  oxidized. 

fittzinger  (1970)  adapted  organisas  from  sewage  treatment  plant 
samples  to  2»4,6-TNT.  \^en  100  ppm  TMT  was  incubated  with  those 
organisms  in  trypticase  soy  broth,  the  concentration  decreased  to 
1.25  ppm  in  5  days.  The  cells  had  only  trace  amounts  of  2,4,6-TST, 
so  the  decrease  was  not  due  to  adsorption. 

Bringmann  and  Kuehn  (1971)  used  a  two-staga  model  wastewater 
purifier;  the  first  stage  was  an  aerator  with  Azatobactor  agllls,  and 
the  second  was  an  overflow  basin  with  activated  sludge.  They  reported 
that  128  mg/liter  1,4,6-TNT  was  99. 6S  transformed  after  the  second 
stage. 

Dsmon  and  Klatiameier  (1972)  reported  that  HTT  was  degraded  in 
agar  plates  or  firska  when  other  organic  nutrients  were  added  to  the 
media.  Flasks  containing  100  ppm  TNT,  mineral  salts,  and  yeast 
extract  Inocularsd  with  sewage  effluents,  soil,  or  pond  water  gave 
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>  9fl  loss  of  IKC  after  6  days,  Bo  Wf  'wm 

o^saurved  la  iaoculeted  flasks  coataiaing  ^ly  Maerai  salts  sad 
2,4,&-®Kr.  Klausseier  et  al.  (1973)  tliea  tast&3  grsre^egative  bacteria 
actlQosiyeetes,  yeaets,  and  ftmgi,  iStey  ftna^  that  fSf  at  50  ag/ilter 
severely  lahibited  tbe  growth  of  these  orgaaia^  ia  liost  cases, 
ever,  saasy  of  the  cultures  did  grosr  well  and  degraded  tSf  at  lewasr 
ccaceatraticos  with  other  organic  itutriests.  la  staiytog  treatm^ts 
of  rat  wastewater.  Hay  et  ai.  {1974)  found  that  tS£  waste  caa  fee 
biologically  treated  when  ccsahiaed  with  doaiestic  waste.  TST  wm 
reaoved  by  faiodegradatioa  and  folosorptioa. 

Evidence  of  organisms  using  as  a  sole  carbon  source  was  first 
reported  fay  Son  et  al.  (1974).  THT  enricfauient  cultures  fro®  asud  and 
water  could  grow  in  TKT  and  basal  salts,  and  they  degraded  the  1^, 

For  accelerated  IHT  degradation,  the  addition  of  glucose  or  yeast 
extract  was  essential.  Complete  dissimilation  of  80  ag/llter  TKT 
within  24  hours  occurred  in  medim  supplemented  with  0.5S  yeast  extract 
In  the  atedium  filtrate,  'KJT  was  metabolized  to  2,2‘,6,6*,  tetraaitro- 
4-a2oxytoluene  (4-Az) ,  2,2’ ,4,4*-tetraaitro-6-azoxytoluane  (6— AZ), 
2~smino-4,&-din.itrotoluene  <2~Ar4 ,5-BHf > »  4-hydroxy laiiilno-2,6-dinitro- 
toluene  (4-OES.-2,6-DHT)  and  altrodiaminotoluene.  kzoxy  ccfspounds  dis¬ 
appeared  at  later  stage  of  incubation.  4-A3»lno-2 ,6-diii±trotoluene 
<4-A-2,6-iaiT)  was  not  fowd.  According  to  Channoa  et  al.  (1944),  the 
atoxy  compounds  may  be  formed  by  a  coupling  reaction  of  the  corres¬ 
ponding  hydroxylawines  and  are  not  the  direct  metabolic  products  of  "RIT 

Traxicr  et  al,  (1974)  also  reported  that  gram-negative  bacteria 
isolated  from  various  sources  can  use  THT  as  Che  sole  source  of 
nitrogen  and  carbon.  They  also  reported  that  addition  of  ye^t 
extract  at  100  pg/mi  stimulated  microbial  growth  on  THT.  With  an 
Isolate  mutant,  62%  of  the  TOT  was  removed  from  a  mediusi  containing 
yeast  extract  and  100  pg/tal  TST  in  20  hours.  The  preseaice  of  nitrite 
in  the  medium  indicated  reaioval  of  the  nitro  group  from  the  ring. 

Using  ring-labeled  ’^‘‘C-THT,  Traxler  and  his  co-workers  desesonat rated 
the  incorporation  of  TNT  into  the  cellular  material  by  two  isolates . 
Itelease  of  ‘‘COa  was  observed,  and  they  concluded  that  cleavage  of 
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bsjliseae  riag.  ©eetsrrftd.  However,  tiie  aetivltieB  were  ver^ 

low  CO*  3  to  i.2%  of  ad<Jed  **‘C-‘'EKf).  fo  esjplaia  tbis  pbsssfijsoa, 
Traxlsr  et  si.  coadliicted  Heterotroplc  COa  fixation  eaqj©ris®ats  wltfe 
HaS^^COa  aad  found  tbat  CO3  was  taken  up  fey  the  eelis  when  the  ssr^ffls- 
Isffis  were  growing  on  unlabeied  TSIl:.  Oa  a  solar  basis,  COa  fixation 
accouatad  for  at  least  41%  of  the  tifr  constased. 

In  addition,  TrakLer  (1975)  desonstreted  that  ^‘‘C  activity  frm 
aetabolized  ring  ^'*C-'SST  was  in  nlnhydrin-positive  asaterials  obtained 
fro®  the  hydrolysis  of  cellaiar  protein,  le  used  washed  cells  at  hi^ 
concentrations  and  found  that  they  effectively  remved  lOT  £xsm  the 
jaedia  with  or  without  yeast  extract,  or  other  organic  nutrients;  941 
TKf  was  rewoved  from  100  yg/ml  ±a  18  hours  with  14  ag/Kl  cells.  At 
low  cell  concentrations,  the  reooval  was  poor. 

In  a  shaker  flask  with  TNT-enriched  Weitzel  et  al.  (1975) 

reported  that  sedioeat  bacteria  CransforBsad  TKT  without  additional 
organic  water i ala.  THT  was  reduced  6.7  to  9.4  11 ter  from  10  ®g/ 

liter  in  5  days.  The  addition  of  glucose  and  peptone  and  fatty  acids 
Increased  the  forssation  of  transfcraiatioa  products.  Disappearance  of 
■EKT  was  9.9  ag/liter  from  10  sg/liter  in  5  days.  The  metabolites  fomd 
were  similar  to  the  prclucts  reported  by  Won  et  al.  (1974). 

Using  an  enzyme  preparation  from  VeillonelXa  alkalescens.  McCor- 
Eick  et  al.  (1976)  tested  a  variety  of  nitroazomatic  compounds, 
including  2,4,6-181,  for  their  reduction  fey  hydrogen  to  for®  corres¬ 
ponding  arylamines.  The  relative  rate  of  reduction  to  other  nitro- 
aromatics  was  measured.  McCormick  et  al.  showed  that  TWI  can  be 
degraded  by  anaerobic  raicroorganisms  as  well  as  aerobic  organisms. 
Jerger  and  Chynoweth  (1966)  reported  the  anaerobic  microbial  degrada¬ 
tion  of  TT3T,  In  beachtop  anaerobic  digesters,  they  observed  partial 
disappearance  of  THT  axid  the  appearance  of  transformed  products,  one 
of  which  was  identified  as  4-0iiA-2,6-DHT.  Parrish  (1977)  tested  190 
pure  cultures  of  fungi  and  reported  that  183  strains  were  able  to 
transform  2,4,6-110!  in  a  »edlw  containing  100  a^/iiter  *raT,  glucose, 
and  basal  salts.  Enzyme  activities  were  in  aycelia  and  not  in 
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culture  filtrates.  The  traiisformatioa  products  were  4“-A-2,6-DST, 
4“0HA.-2,6-rafr,  aad  4,4’-azoxynitrotolueae.  Studies  with  ring-labeled 
’"'C-TiilT  gave  no  evidence  for  cleavage  of  the  carbon  skeleton. 

Carpenter  et  ai.  (1978)  used  an  activated  sludge  system  to  inves¬ 
tigate  the  fate  of  **G- labeled  2,4,6-T!8T.  *'*C-TNT  was  not  detected  in 
the  aerated  reactor  and  no  significant  was  formed;  the  radio¬ 

activity  was  found  in  both  the  floe  and  supernatant.  However,  the  .^*C 
in  microflora  was  not  the  characteristic  constituent  of  lipid  and 
protein  material  (fatty  acids  and  amino  acids),  but  it  was  bovpfid  to 
these  compounds  as  polyamide  macromolecules.  No  evidence  indicated 
that  the  nucleas  was  cleaved.  In  a  3-year  study  of  a  3000-gallon 
pilot-scale  treatment  facility,  Hoffsonmer  et  al.  (1978)  used  a 
variety  of  conditions  to  degrade  TNT  and  obtained  the  best  results 
with  activated  sludge  microorganisms  and  supplemental  nutrients.  With 
TNT  at  10  to  50  ppm,  97%  of  the  TNT  was  removed  at  a  feeding  rate 
of  8  to  0.25  lite't’s /minute.  Using  labeled  TNT,  Carpenter  et  al,  (1978) 
obtained  similar  results.  The  metabolites  found  were  4-A-2,6-DNT, 
2-A~4,6“DKT,  2,4~diamino-6-nitrotciluene,  and  2,6-diamino-4-nltrotolueae. 

Burllnson  (1978)  conducted  river  die-away  degradations  of  TNT 
with  river  water.  Tlia  experiments  were  conducted  in  the  dark  and  In 
sunlight  under  aerobic  conditions.  Under  darkness,  90%  of  the  TNT 
(initially  20  ppm)  disappeared  in  30  days.  The  data  indicated  that  the 
transformations  were  first  order  relative  to  TNT  concentration  (.087  day“*) 
(without  lag  periods).  Although  microbiological  plate  counts  were 
made,  the  fraction  of  the  microbial  population  responsible  for  TNT 
transformation  was  not  known.  ATP  analysis  of  the  waters  was  con¬ 
ducted,  but  the  concentration  found  did  not  correspond  to  the  biomass. 

In  sunlight,  'INT  tranaformea  much  faster,  suggesting  that  photodegra¬ 
dation  occurs  at  a  faster  rate  than  biotcansformatlon. 

1,3,5“TNB  was  found  in  the  phctolysis  with  river  water;  photolysis 
of  TNT  in  distilled  water  produced  TNBAL.  Under  both  darkness  and 
light  conditions,  the  blotraosformstion  products  2-A-4,S-DKT  a.rd 
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4-A-2,6“Cir£  were  foumd,  but  the  ccmcentratioBS  were  higher  in  the 
experiments  conducted  in  the  dark.  3,2~Dlnltroaniliae  was 

found  In  the  sunlight  conditions  and  appeared  to  be  the  blotransfor- 
mation  product  of  INB. 

In  summary,  2,4,6-TitT  ia  biotransfonnable  by  microorgaatsms 
including  bacteria,  yeast,  and  fungi,  although  TNT  inhibits  their 
growth  at  high  concentrations.  For  many  of  the  organisms  tested, 
additional  organic  nutrients  are  essential.  For  others,  added 
nutrients  are  helpful  in  the  transformation  of  TNT  wiien  it  is  used 
as  the  sole  carbon  and  nitrogen  source.  Burlinson’s  data  (1978)  show 
that  biodegradation  is  a  first-order  loss  of  TNT  in  river  die-away 
tests,  but  no  rate  study  was  conducted  with  an  enriched  culture. 
Reduction  of  the  nitro  group  to  the  amino  group  seems  to  be  the  first 
step  in  bio transformation.  Both  the  ultimate  degradation  of  TNT  to 
CO2  and  evidence  for  ring  cleavage  were  reported  by  Traxler  and  his 
co-workers  (1974) ,  hut  no  evidence  for  either  reaction  was  found  by 
Carpenter  et  al.  (1978)  or  Hoffsommer  et  al.  (1978). 

1,3.5-Trinitrohexahydro-1,3.5-Triagine  (RDX) 

Summary  and  Recommendations 

The  volatilization  rate  of  RDX,  estimated  from  the  available 
literature  data,  suggests  that  volatilization  should  not  be  a  signifi¬ 
cant  environmental  fate.  A  screening  study  should  be  performed  to 
validate  the  predictive  method,  however. 

Sediment  adsorption  Is  not  expected  to  be  a  significant  fate 
process  for  RDX  because  of  low  partition  coefficients  determined  for 
various  sediments. 

Photolysis  appears  to  be  a  rapid  process,  and  detailed  rate 
studies  in  natural  waters  are  needed.  A  reaction  quantum  yield  for 
RDX  at  a  wavelength  above  290  nm  as  well  as  its  uv  absorption  spectrum 
above  290  nm  should  also  be  measured  for  use  in  calculation  of  rate 
constants  for  direct  photolysis  in  aquatic  systems. 
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Hydrolysis  of  BIXK  at  euviroarasatally  releviu^t  pH  values  is  slow. 
t>etailed  hydrolysis  studies  are  not  recommended  imless  the  screening 
studies  frc©  other  fate  processes  show  a  half-life  for  SDX  of  greater 
than  170  days, 

Biotransformstion  studies  of  BDX  need  to  be  performed.  Tt»y 
should  include  the  development  of  enrichiaent  cultures,  the  function 
of  sediment  in  bio transformation,  the  use  of  BOX  as  a  sole  carbcsa 
source,  and  the  identification  of  metabolic  products. 

Physical  Properties 

Solubility  in  Water 

Spanggord  (1977)  determined  Chat  the  solubility  of  HDX  in 
water  at  18*  C  was  44.7  ppm  (2.0  x  10“'*  ft).  Syracuse  Research  Corpora¬ 
tion  (1978)  reported  a  solubility  of  42  ppm  (1.9  x  10"*  M)  at  20®  C — 
in  excellent  agreement  with  Spanggord ’s  result.  The  values  reported 
by  Battelle  Columbus  Laboratories  (1978),  24  and  18  ppm  at  21*  C,  are 
probably  erroneous  because  the  saturated  solutions  ware  filtered  before 
analysis.  The  filter  probably  adsorbed  some  of  the  dissolved  SOX. 

Vapor  Pressure 

Using  a  Langmuir  method,  Rosen  and  Dickinson  (1969)  deter¬ 
mined  the  vapor  pressure  of  solid  RDX  over  the  temperature  range  of 
56  to  98®  G;  the  extrapolated  vapor  pressure  at  20*  C  was  4.1  x  10~* 
Corr.  Edwards  (1953)  used  a  Knudsen  method,  and  the  extrapolated  vapor 
pressure  was  8.2  x  10"*  torr  at  20®  C.  This  value  is  probably  less 
valid  than  that  of  Rosen  and  Dickinson  because  Edwards  used  a  narrower 
temperature  range  (110  to  138*  C) , 

Physical  Transport 

Volatilization  Rate  from  Water 

An  estimate  of  the  Henry’s  law  constant  for  RDX  using  the 
data  of  Rosen  and  Dickinson  and  of  Spanggord  is  2.0  x  10"®  torr  M“^. 
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That  constant  is  very  lev,  and  the  correct  value  of  ssay  be  an  or^r 
of  magnitude  higher.  The  calculated  value  of  is  3  x  lO”*  hr“* 

and  the  estimated  half-life  for  volatilization  is  9  x  10*  days. 
Volatilization  should  not  be  a  significant  eaviromaeatal  fate  for 
EDX  and  volatilization  studies  are  not  recoosaended. 

Sorption  on  Soils  and  Sedimeants 

RDX  sorption  was  measured  on  three  sediioents  (Syracuse 
Research  Corporation,  1977a,b;  1978a).  The  s^asueed  partition  coeffic¬ 
ients  varied  from  4.2  for  a  highly  organic  sediment  to  0.8  for  a  sandy 
loam.  These  values  Indicate  that  BDX  is  only  weakly  adsorbed  to 
sediments,  and  the  experiments  did  not  show  increases  in  adsorption 
with  extended  contact  times. 

Battelle  Columbus  Laboratories  (1978)  conducted  soil  column 
tests  to  determine  whether  RDX  talgrates  into  groundwater.  Unfortu¬ 
nately,  the  experiments  were  terminated  before  enough  data  were 
collected  to  determine  migration  rates  and  the  experiments  cannot  be 
used  to  determine  adsorption  partition  coefficients.  Nevertheless, 

BDX  sorption  apparently  does  not  change  with  increased  contact  tioMC, 
so  additional  experiments  to  study  the  nature  of  the  interaction  of 
BDX  and  soil  or  sediment  are  not  required. 

Photolysis 

Spanggord  et  al.  (1978)  reported  that  of  44  ppm  BDX  in  aqueous 
solution,  about  50%  lost  after  exposure  to  sunlight  for  7  days. 

Syracuse  Research  Corporation  (1978c)  reported  that  12  ppm  BDX  in 
aqueous  solution  had  a  half-life  of  10.7  hours;  they  noted  that  this 
half-life  compared  favorably  with  half-lives  of  9  to  13  hours  that 
were  previously  determined. 

Kubose  and  Hoffsommer  (1977)  found  that  the  major  product  from 
photolysis  of  RDX  at  >  ?.80  nm  in  acidic  aqueous  solution  was  the 
mononltroso  analog  of  RDX. 


The  product  fonaation  was  independent  of  the  oxygen  concentration  in 
solution,  and  this  product  was  cot  found  in  neutral  or  basic  media. 
The  authors  suggested  the  initial  step  was  photolysis  of  BDX  to  SOa 
and  the  azayl  radical  followed  by  the  sequence  of  reactions  shown 
below. 


Kuboaa  and  Hoffsommer  also  reported  that  nitroso  products  were  formed 
directly  from  photolyses  of  KDX  at  >  220  nm  through  cleavage  of  the 
N-0  bond;  the  foriBation  of  nitroso  product (s)  under  these  conditions 
was  Independent  of  the  pH  of  the  solution.  Syracuse  Research  Corpora¬ 
tion  (1978c)  reported  a  quantum  yield  of  0.67  for  photolysis  of  EDX 
at  254  rnn  In  an  aqueous  solution,  pH  8.1.  The  product  formed  was  the 
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stoao&itroso  analog  of  BBX,  and  tba  rate  of  pbotolysia  was  independent 
of  oxygen.  1%e  ^rk  by  Euboae  and  HoffscHsamr  (1977)  suggests  that 
bond  cleavage  is  the  priaary  photochemical  process  at  wavelengths 
greater  than  230  whereas  ti~0  cleavage  occurs  at  shorter  waveli^ths. 
Hence,  the  quantum  yield  of  0.67,  measured  at  254  a®  may  net  be 
relevant  to  photolysis  of  SDX  in  the  environment. 

Hydrolysis 

Hoffsonmer  and  Rosen  (1973)  have  reported  that  RDR  In  seawater 
(pH  'V/  8)  at  25“  C  was  11.6%  hydrolyzed  in  108  days;  this  conversion 
rate  is  equivalent  to  a  hydrolysis  half-life  of  1.7  years.  A  subse¬ 
quent  report  by  Hoffsonnner  et  al.  (1977)  gives  a  second-order  rate 
constant  for  alkaline  (~0H)  hydrolysis  of  8DX  at  25.0®  C  as  3.9  ±  0.2 
X  10”^  M~^  sec“^;  using  this  rate  constant,  the  calculated  half-life 
for  “OH  hydrolysis  of  8DX  at  pH  8.0  is  5.6  years.  In  the  same  report, 
Hoffsonaaer  and  his  colleagues  present  data  indicating  that  the  hydrol¬ 
ysis  half-life  of  SDK  at  pH  9  is  200  days.  A  Syracuse  Research  Cor¬ 
poration  report  (1978c)  gives  a  rate  constant  of  1.6  x  10“®  sec“^ 

for  hydrolysis  of  RBX  at  pH  9.1  and  31“  C.  This  information  indicates 
that  alkaline  hydrolysis  will  not  be  an  important  process  in  aquatic 
environments  compared  with  sunlight  photolysis. 

No  reliable  data  on  the  neutral  or  acid  hydrolyses  of  RDX  are 
available.  Information  presented  in  a  Syracuse  Research  Corporation 
report  (?..978a)  indicates,  however,  that  the  half-life  for  RDX  hydrol¬ 
ysis  at  30®  C  will  be  greater  than  170  days  in  the  pH  ratige  of  2.1  to 
7.1.  Because  the  photochemical  transformation  of  RDX  in  sunlight  is 
rapid,  neither  neutral  nor  aqid  hydrolysis  of  RDX  will  be  important 
processes  in  aquatic  systems. 

Biodegradation 

Osmen  and  Klausmeier  (1972)  studied  the  biodegradation  of  "nilT, 

RDX,  and  picrate.  Some  RDX  disappearance  was  indicated  during  the 
soil  enrichment  studies,  but  proof  of  RDX  degradation  by  microorganiasas 
was  not  obtained. 
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Soli  <1973)  ob&BTv&d  dlsapiieatrssice  of  WK  wtm  it  was  iocubacod 
with  purple  photosyotl^tic  bacteria,  ^out  97%  of  was  ti's&sforased, 
frtm  the  initial  concentration  of  20  mg/liter,  after  5  days  of  lnctd»a~ 
tioa.  Soil  hypothesized  that  rather  than  being  asetabolized»  W&.  is 
reduced  by  an  electron  "stora”  during  the  photosyntfaetic  process  In  the 
orgarui^as. 

In  their  pilot-plant  study  of  ITiT  biodegradatiom,  Hoffsomer  et  al. 
(1978)  fotmd  no  biodegradation  of  SBX  either  alone  or  In  the  presence 
of  TST.  TIST  bioconveraion  was  not  inhibited  by  the  presence  of  BBX. 

In  an  environrental  fate  study  of  RDX,  Sikka  et  al.  (1978)  reported 
that  10  pptn  HSX  was  decreased  only  when  sediments  were  added  to  river 
waters  in  river  die-away  experiments,  with  about  a  20-day  lag  period. 
During  a  l-month  period,  no  loss  of  RDX  occurred  in  unsupplesented  water 
samples  or  in  samples  that  contained  yeast  extract.  The  evolution  of 
^'‘COa  from  ^‘‘C-KDX  was  observed  in  water  and  water  plus  sedta»nt  after 
the  lag  phase.  When  was  added  to  wastewater  samples  from  HMX  pro~ 
ductlon  lines  with  sediment,  as  high  as  80%  was  produced  after  38 

days  of  incubation.  Including  10  days  of  lag  phase.  Other  river  waters 
with  sediments  did  not  produce  significant  anmunts  of  ^‘COa,  despite 
their  ability  to  transform  RDX  (nearly  80%  loss  from  an  initial  level 
of  10  ppm) .  Whether  the  sediment  in  these  experiments  provides  extra 
nutrients,  essential  nutrients,  or  cometabolic  substrates  or  whether  it 
provides  more  organisms  needs  to  be  studied  further. 

TrlnltroRlycerlne  (TNG) 

Summary  and  Recommendation 

A  volatilization  rate  for  TNG  can  be  estimated  from  literature  data 
and  detailed  studies  are  not  recommended.  Also,  sediment  adsorption  is 
not  believed  to  be  a  significant  process  based  on  estii^tes  of  the  parti¬ 
tion  coefficient!  however,  screening  studies  are  recomi^nded.  Fhotolysis 
studies  should  be  performed  to  establish  a  limiting  environmental  idiotol- 
ysis  rate  for  TNG.  Hydrolysis  of  TNG  under  neutral  and  acidic  conditions 
will  be  slow.  A  screening  study  is  needed  to  determine  a  limiting  rate 
constant  at  alkaline  pH.  Complete  biotransformatioa  rate  studies  are 
recommended  to  detail  the  importance  of  this  fate  process  for  TNG. 
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Pbyslcal  Properties 


Solubility  in  Water 

Xhfe  solubility  of  TNG  in  water  is  reported  to  be  l.Q  g/SQQ  ml 
of  water  (5.5  x  10~“  M,  Merck  Index)  and  0-138  g/100  g  of  water 
(6.1  X  IQT*  M)  at  20“  C  (Ledbury  and  Frost,  1927). 

Vai>or  Pressure 

Kemp  et  al.  (1957)  reported  that  the  vapor  pressure  of  liquid 
TSG  at  20“  C  is  2.0  x  10”*  torr.  Yokog^a  et  ai.  (1966)  measured  a 
vapor  pressure  of  3.8  x  10"“  torr  at  20“  C.  Vaeek  and  Stanek  (1959) 
report  data  from  vdiich  the  extrapolated  vapor  pressure  of  at  20“  C 
is  4.2  X  10"*  torr.  Obviously,  the  agreement  between  these  data  is 
poor. 

Physical  Transport 

Volatilization  Rate  from  Water 

Estimates  of  the  Henry’s  law  constant  for  THG,  using  the 
various  literature  values  are  that  H  is  between  3.3  and  0.06  torr  If*. 

p  ^  c 

Using  -  0.06  torr  MT*,  the  estimated  value  of  <k  )  is  about 

V  dlv 

10"’  hr”^  and  the  half-life  for  volatilization  is  about  3000  days. 
Volatilization  rate  studies  for  TNG  are  not  recommended. 

Sorption  on  Soil  and  Sediments 

No  sediment  or  soil  adsorption  isotherm  data  for  TNG  were 

found  during  the  literature  search.  Based  on  the  solubility  of  TNG 

in  water  at  14%  and  the  correlation  of  K  and  water  solubility  shown 

oc 

in  Flgiire  1,  the  estimated  value  of  is  20.  This  value  suggests 
that  adsorption  on  sediments  may  not  be  a  significant  eavlronmental 
fate.  Nevertheless,  screening  experiments  are  recommended. 

Photolysis 

No  data  suitable  for  assessing  the  photolysis  of  WG  in  aquatic 
systems  are  available.  Urbanski  (1947)  found  that  TNG  is  decomposed 
to  acidic  products  when  Irradiated  in  a  quartz  well/Hg  lamp  system. 
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Osada  et  al.  (1965)  reported  that  filass  of  eelitslose  aitrate  are 
decomposed  by  uw  light  and  sunlight.  By  analogy  to  the  sealift 
photolysis  of  celittlose  nitrate,  TSG  Is  also  probably  photolyzed  ia 
sunlight.' 

Hydrolysis 

DiCarlo  (1975)  has  reviewed  the  chemistry  and  biochemistry  of  "Hie 
and  m>tes  that  the  mechanism  of  TH6  hydrolysis  is  unknown.  According 
to  DlGarlo,  kinetic  and  mechanism  studies  are  difficult  because  of 
ccanpetitive  side  reactions  that  are  hydrolytic,  oxidative,  and  reduc¬ 
tive  in  nature.  Thus,  the  reaction  of  T8G  in  alkaline  solution  has 
been  found  to  proceed  by  the  following  stoichitneetry:  IKG  +  5ZCM 
KHO3  +  2KNO2  +  HCOaK  +  CH3CO2K  +  SHjO.  Glycerol  was  found  as  a 
hydrolysis  product  of  TNG  when  the  reaction  was  performed  in  the 
presence  of  a  compound  such  as  phenyl  mercaptan,  which  is  oxidized 
preferentially  to  glycerol. 

Svetlov  et  al.  (1976)  have  studied  the  kinetics  of  the  neutral 
hydrolysis  of  several  polynitrates  of  polyhydric  alcohols,  including 
TNG.  The  kinetic  experiments  were  conducted  with  solutions  of  the 
nitrate  esters  in  distilled  water;  nitric  and  nitrous  acid  were 
generated  by  the  hydrolysis,  so  the  kinetic  data  reported  were  based 
on  the  first  5%  of  the  reaction.  The  rate  constant  measured  for  TNG 
hydrolysis  at  80®  C  was  6  x  10“*  sec"** ,  which  corresponds  to  a  half- 
life  of  134  days.  Assuming  that  the  rate  of  hydrolysis  is  halved  for 
each  10°  C  decrease  in  temperature,  the  half-life  for  TNG  hydrolysis 
at  environmentally  relevant  temperatures  will  be  on  the  order  of  years 
at  neutral  pH  values  (nominally  pH  5  to  7) , 

Rosseel  et  al.  (1974)  measured  the  hydrolysis  rate  constants 
for  TNG  and  its  hydrolysis  products  at  37°  C  in  i  to  4  M  HCl.  In  1  M 
HCl,  the  respective  hydrolysis  rate  constants  for  TNG,  1,3-dlnltro- 
giycerlne  and  1-nltroglycerine  were  1.6  x  10"*,  3.7  x  10“’’,  and  2.40 
X  10"''  aec"^;  the  half-life  for  TNG  under  these  conditions  is  5,0  days. 
Assuming  that  the  process  studied  was  first  order  in  both  acid  and 
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nitrate  ester,  the  acid  hydrolyses  will  be  10*  slower  at  3, 
with  aa  acid  hydrolysis  half-life  of  over  a  ceatuty. 

Capellos  et  al.  (1978)  thoroughly  exffinined  the  alkaline  hydrolysis 
of  mG  and  its  derivative  esters.  The  alkaline  hydrolysis  of  TSG  at 
25®  C  was  determitied  to  have  a  second-order  rate  cotBStast  of  2-15  x 
10~*  Jf  ^  sec”^  (average  rate  constant  for  two  axpcrissents) .  Using 
this  rate  constant,  the  half-life  for  alkaline  hydrolysis  of  MG  at 
pH  9  is  37  days. 

From  these  data,  the  hydrolysis  half-life  of  MG  at  25®  C  is 
reliably  predicted  to  be  more  than  1  year  at  pH  3  to  8;  at  pH  values 
above  8,  the  hydrolysis  half-life  is  less  than  1  year;  and  the  half- 
life  at  pH  9  la  37  days.  Merefore,  unless  other  transport  or  trans¬ 
formation  processes  are  all  ’inusually  slow  for  TUG,  hydrolysis  of  TSG 
will  not  be  an  envirotBsentally  significant  fate  process  except  possibly 
at  high  pH  levels. 

Biodegradation 

Relatively  little  information  has  been  published  on  the  microbial 
degradation  of  THG,  although  many  papers  reported  the  metabolism  of 
this  compound  in  mammalian  systems  (DlCarlo,  1975).  Microbial  degra¬ 
dation  of  TNG  was  first  reported  by  Wendt  et  al.  (1978)  who  found  that 
the  compound  was  readily  biodegraded  when  batch  or  continuous  tech¬ 
niques  were  used  with  activated  sludge  cultures.  TNG  was  not  a  suit¬ 
able  carbon  or  nitrogen  source;  other  organic  nutrients  such  as 
glucose  are  needed.  In  shaker  flasks  containing  67  mg/liter  TNG, 
glucose,  and  minimal  salts,  a  53.6%  decrease  in  TNG  concentration  was 
observed  after  5  days  of  incubation.  Without  glucose ,  only  3.1%  loss 
was  observed. 

2,4-Plnltrotoluene  (2,A-DNT) 

Suamary  and  Recoaaendations 

Volatilization  rate  estimates  show  that  volatilization  may  be  an 
Important  fate  process  for  2,4-DNT  chat  requires  detailed  study.  Sedi¬ 
ment  adsorption  may  also  be  an  Important  fate  process,  as  Indicated 
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by  estiiBstes  of  partition  coefficients.  too,  requires  farther 

study.  Photolysis  studies  also  sbouM  be  perfonaed.  in  viem  of  tite 
rapid  photolysis  of  other  OTtho-aA.trotolaeaie  ci^M^^iads.  Biotraosfor- 
mation  of  2,4-I8iiT  Is  likely  to  occur  in  the  eijEUiro@a«BSt,  and  detailed 
Investigations  of  this  fate  are  reccHEa^nded. 

Physical  Properties 

Solubility  in  Mater 

The  solubility  of  2,4-iaiT  at  22“  C  has  been  reported  as 
0.027  g/100  g  of  water,  or  1,5  x  10~®  M  (Desvergnes,  iS25).  Ue  found 
no  other  solubility  data.  The  solubility  should  be  re»easured  at  20®  C 
using  the  technique  of  Campbell  (1934).  That  technique  is  described 
In  Section  II. 

Vapor  Pressure 

Pella  (1977)  measured  the  vapor  pressure  of  solid  2,4-lS?T 
using  a  gas  saturation  method.  The  vapor  pressure  extrapolated  from 
his  data  is  1.1  x  10“*  torr  at  20°  C. 

Maksimov  (1968)  used  2,4-l)NT  near  its  boiling  point.  The 
extrapolated  vapor  pressure  at  20°  C  is  5.1  x  10“®  torr,  which  should 
be  a  reasonable  estimate  of  the  vapor  pressure  of  supercooled  liquid 
2,4-»NT. 

Physical  Transport 

Volatilization  Rate  from  Water 

An  estimated  value  of  the  Henry's  law  constant  for  2,4~I3KT 
is  3.4  torr  The  estimated  value  of  suggests  that  the  volatili¬ 

zation  rate  of  2,4-DST  is  limited  by  gas-phase  mass  transport  resistance. 
The  estimated  value  of  is  6.1  x  10"*  hr“^  and  the  half-llfa  for 

volatilization  is  47  days.  The  volatilization  rate  data  of  Spanggord 

et  al.  (1978)  can  be  used  to  calculate  a  Ck  ),  .  value  of  2.96  x  10~* 

W 

hr  and  a  (k  ).  ,  valtte  of  3400  cm  hr“^.  These  valu^^  can  be  used  to 
C®  H  C 

calculate  ^^v^env  equation  (A-28) . 
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Thett,  fro®  £q.  <A-3<i),  {A-3i),  CA-2?)  , 


\  ,  2.96  X  10~^ 

,W  “  3400 

k 


S.66  X  10“’'  cffi~* 


(8.66  X  10~^) (7.8) (2100) 

“  (200> 

=  7.1  X  10“*  hr-‘  “  1.7  X  10“^  day 

aad  the  estimated  eavirons^ntal  half-life  for  volatilization  is 
410  days.  This  value  is  within  an  order  of  magnitude  of  the 
volatilization  half-life  estimated  using  the  procedure  described  in 
the  TNT  section,  which  is  excellent  considering  the  approximations 
that  were  made. 

These  results  suggest  that  volatilization  of  2,4-DNT  may 
be  an  important  environmental  fate  and  detailed  volatilization  rate 
studies  are  reconaaended. 


So  or  soil  adsorptloa  isotlieBm  46.ta  for  2,4-EKf 

were  foaad  dviTim^  tfee  literature  search.  Based  oa  fclie  solubility  of 

2,4~Ilfr  i»  water  at  20%  aad  the  eorrelatioa  of  K  aaad  wter  solability 

sc 

sbc»m  ifi  Figure  1,  the  eetiisated  is  about  90.  fhis  value  suggests 
that  adsorptlots.  so  segments  may  not  be  a  sl^lflcaut  envlromeatal 
fate.  However,  screeciiiig  experisaeats  are  reecaasteuded. 

Fhstolysls 

Spanggord  et  al.  (1978)  reported  that  50%  of  the  2,4-Elif  coapoaest 
of  a  *01?  coudeitsate  water  was  lost  after  exposure  to  sunlight  for 
about  5  days.  A  control  solution  uiaintained  in  the  shade  showed  that 
the  same  amount  of  2,4-MT  was  lost  in  about  11  days.  These  data 
suggest  that  volatilization  is  competitive  with  direct  photolysis  of 
2,4-ffiJT  under  the  conditions  of  the  experiment. 

Eurllnson  and  Glover  (1977a)  have  reported  that  2,4~I}l!lT  photo- 
lyzes  mote  rapidly  at  hi|^er  pHs.  Thus,  photolysis  at  >  290  mu  of 
125~ppra  2,4-JjSiT  solutions  at  pH  3.3  and  10.8  gave  44  and  92%  reaction, 
respectively,  after  5  hours  of  Irradiation.  In  the  same  report,  the 
authors  summarized  their  previous  work  on  identifying  the  2,4-DSfT 
photoproducts,  accounting  for  52%  of  the  starting  material  lost.  The 
products  and  their  yields  were — 

•  2,4-DinitrobeTizaldehyde,  6% 

•  2-ABiino-4-nitrobmizaldehyde,  10% 

•  2,2'-Carboxaidehyde-5,5’-dinttroazo5tybenzeae,  3% 

•  2,4-Dinitrobenaoic  acid,  7% 

•  2'-Aialno-4-niCTObenzoic  acid,  16% 

•  2,2’-Carboxy-5,5'-dlnitroazo3cyfaenzeae,  10% 


Wettermark  and  Ricci  (1963)  and  Wettermark  et  al.  (1965)  inves¬ 
tigated  the  photolysis  of  2,4-DNT  in  terms  of  the  acl-quinoid  inter- 
^diate  formed  during  the  flash  photolysis  of  2,4“E@JT  in  a  solvent  of 
1%  ethanol  in  water,  the  transient  intermediate  in  strong  acid  showed 
an  absorption  minimum  at  400  n®  and  a  peak  absorption  at  420  ms;  in 


stro’&g  th$  wm  az  '450  im  sM  ths  wmas&i^^ 

at  530  Bffl.  The  traasitioB  fro®  thm  aeM  ©pectram  m  baste  spee&twoi  £m 
tlie  2,4-1^  iater^dlate  occurired  at  abotBEt  pS  1»  aast^  the  feasa  speetnsB 
was  each^ged  over  the  pH  rsa^  of  2  to  2.3;  tibe  speetrm  was  also 
aachaagad  by  the  presence  of  orygea  or  biiffer  salts.  The  speetrsm  ©f 
the  cofilrradiatad  2,4-lS8T  was  also  foaod  to  fee  imdusi^ed  la  tSie  f® 
region  of  0  to  13, 

Wettereark  et  al.  also  reported  that  in  solutions  of  pi  10 
to  13  the  first-order  rate  constant  for  decay  of  the  base  iateraediate 
was  1.0  sec~*.  the  rate  of  decay  was  affected  by  the  buffer  salt 
concentration,  but  the  first-order  rate  constant  for  decay  was  also 
determined  to  be  1.0  see”*  at  pH  8.4  after  extrapolation  to  infinite 
dilution  for  buffer  salts.  Below  pH  5,  the  decay  rate  increased  with 
lowered  pH.  Rate  constants  for  neutral tzat ion  of  the  basic  transient 
intermediates  were  meastjred  to  be  7.4  x  10*  iT^  aec""*^  for  and  1.8 
X  10““  sec““  for  reaction  with  water.  The  decay  rate  constants 
for  both  the  acid  and  base  intemediates  were  unaffected  by  oxygen  at 
all  pH  levels  except  near  pH  1  where  the  interraedlste  undergoes  the 
acid/base  chaiige  in  spectrm. 

The  autliore  also  reported  that  in  addition  to  the  transient  spec- 
triHs,  perraeaeat  visible  absorptions  appeared  ia  the  range  380  to  600 
am,  with  the  extent  of  coloration  from  these  photoproducts  depending 
strongly  on  pH,  buffer  concentrations,  and  tiie  presence  of  oxygen. 

Sandus  and  Slagg  (1972)  reported  a  disappearance  quantum  yield 
of  1  x  10“^  for  photolysis  of  2,4-lOT  in  heptane  solvent  at  254  im; 
the  quantum  yield  was  not  affected  by  oxygen  in  solution. 

Hydrolysis 

No  hydrolysis  of  2,4-IW  is  expected  under  environmeatal 
conditions . 

Biodegradation 

Chasbers  et  al.  (1963)  reported  evidence  of  degradation  of  2,4-1^ 
with  phenol-adapted  bacteria  and  100  mg/ liter  2,4-DKT  using  respiratory 
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tecbfiiques,  2,4''BST  {100  mg/ liter)  was  transformed  by  some  fungi  in 
basal  medium  with  glucose  (Parrish,  1977) »  Only  5  of  190  organisms 
tested  transformed  2,4-OOT,  eot^ared  with  183  for  HJf . 

McCormick  e.t  al.  (1978)  identified  the  products  of  transformtlon 
by  a  £^ingu8  Microsporua  species  grown  in  DKT,  glucose,  and  basal 
medium.  Biose  products  were  2-andno“4-nitrotoluene  (2-A-4-NT), 
4»aiiiiao“2“altrotQlueiie  (4-A-2-KT),  2,2’’-dinitro-4,4*-a2osytoiuetie, 
4,4*-diiiitro-2,2*-azoxytoluene,  and  4-acetsmido-2“nitrotoluene. 

2,4-DNT  was  also  reduced  by  hydrogen  in  the  presence  of  an  enzyme 
preparation  fro©  Veillonella  alkalescens  (McCormick  ct  al. ,  1976) . 

Mo  environmental  fate  study  was  performed. 

CATEGORY  II  CHEMICALS 
1 , 3-Dini trobenzene  ( I , 3-DMB> 

Sutsmary  and  Recotamcndatlons 

VclatilizatJon  of  1,3~MB  is  expected  to  be  an  important  environ- 
i«tental  fate  process,  so  detailed  studies  are  recosmended.  Sediment 
adsorption  is  not  ccasidered  to  be  an  important  fate  process}  however, 
screening  studies  should  be  performed.  Photochemical  screening  studio 
should  be  considered  in  natural  waters  because  of  a  tailing  of  the  uv 
absorption  spectrum  into  the  region  above  700  nm.  Btotrans formation 
studies  are  necessary  to  determine  microbial  reduction  rates  of  1,3-DNB 
and  the  potential  for  occurrence  of  other  biotransformatlons. 

Physical  Properties 

Solubility  in  Water 

Several  researchers  have  measured  the  solubility  of  1,3-DNB 
in  water;  Urbanskl  (1964)  obtained  0.02  g/100  g  of  water  (1.2  x  10“*  M) 
at  20®  C;  Leiga  and  SamK)usakis  (1966)  obtained  0.533  g  liter” ^  (3,17 
X  10"*  K)  at  25®  C;  Klieifets  et  al.  (1974)  obtained  0.36  g  liter" ‘ 

(2.2  X  10“ *  M)  at  ?.0°  C.  Tlie  data  of  Khelfets  et  al.  are  probably 
the  best  available. 


34 


V&por  Fressure 

Maksiffiov  (1968)  oa&aured  the  v^or  prmauxe  of  liquid 
His  data,  extrapolated  to  20*  C,  give  a  vapor  pressure  of  supereooledl 
liquid  1,3-088  of  3.9  x  10”*  torr. 

Measures  of  the  vapor  pressure  of  solid  1,3-S^  have  bees 
reported  (CA  59il22Q6f;  70:6l315y).  However,  the  units  aad  soae  of 
the  data  are  unclear,  and  we  have  not  tried  to  malyse  them  because 
Maksimov’s  data  are  satisfactory  for  our  purposes. 

Physical  Transport 

Volatillaation  from  Water 

The  estimated  value  of  H  for  1,3-1^  at  20*  C  la  1.8  torr 

The  estimated  value  of  Ckp^^^,  using  equation  (A- 31),  is  3.9  x  10“*  hr~‘ 

and  )  is  73  days.  The  estimated  value  of  (k^/k^),_.  ,  using  data 

from  Spanggord  et  al.  (1978),  is  6.4  x  10~^  cm“*,  which  gives  a  value  of 

(k^)  «  5.2  X  1Q“®  hr"*  and  a  half-life  for  volatilization  of  550  days 

V  env 

These  results  suggest  that  volatilization  of  i,3-KlB  may  bo  an 
important  environmental  fate  and  detailed  volatilization  rate  studies 
are  recommended. 

Sorption  on  Soil  and  Sediiaenta 

No  sediment  or  soil  adsorption  isotherm  data  for  1,3-DNB 

were  found  during  the  literature  search.  Based  on  Its  .02%  solubility 

in  water  and  the  correlation  of  K  and  water  solubii  ty  shown  in 

oc 

Figure  1,  the  eatimated  value  of  is  about  64.  This  suggests  that 
adsorption  on  sediments  taay  not  be  a  significant  environt^ntal  fate; 
however,  screening  experiments  are  recoomended. 

Photolysis 

Spanggord  et  al.  (1978)  reported  that  50%  of  the  1,3-raiB  component 
of  a  TNT  condensate  water  was  lost  after  exposure  to  sunlight  for  about 
12  days.  A  control  solution  maintained  in  the  shade,  however,  showed 
that  the  same  mnount  of  1,3-Dfifi  was  lost  in  about  14  days.  The  data 
suggest  that  volatilization  is  more  rapid  than  direct  photolysis  of 
1,3-K^B  under  the  conditions  of  the  experiment. 
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Sai&dus  and  Slagg  (1972)  measured  the  disappearsace  quantum  yield 
for  photolysis  of  1,3~DHB  ia  heptane  at  254  am;  the  quantm  yield  of 
1  X  10~^  was  independent  of  oxygen  in  solution.  For  reasons  discussed 
mder  "Other  Considerations, **  this  inforraatloa  cannot  be  applied  In 
predicting  an  envlronnental  photolysis  rate  for  1,3-DiiB  at  this  time. 

Several  research  groups  have  studied  the  interaction  of  chloro¬ 
phyll  and  in  stabilising  chlorophyll  toward  photolysis.  &s 

discussed  under  "Other  Considerations,"  research  has  not  revealed  how 
this  chemistry  may  be  important  in  phototranaforraations  of  nitro- 
aromatics  (in  this  case,  1,3-DSB)  in  aquatic  environments.  "Ihe  fol¬ 
lowing  information  on  the  chlorophyll-1, 3-DHB  chemistry,  however. 
Indicates  the  possible  existence  of  the  charge  transfer  complex  or 
radical  anion  species  of  1,3-DNB,  which  may  result  in  1,3-DNB  trans¬ 
formations  in  aqueous  environments  if  less  simple  (l.e.,  irreversible) 
reactions  were  to  occur. 

Vrbaski  (1950)  found  that  the  photofading  of  chlorophyll  is 
retarded  by  the  presence  of  1,3-DlilB  and  suggested  that  a  chlorophyll- 
1, 3-DHB  complex  is  responsible  for  the  stabilization,  k  more  mecha¬ 
nistic  explanation  for  this  apparent  stabilization  is  provided  by 
Chernyuk  and  Dilung  (1965) ,  who  found  that  when  chlorophyll  In  an 
ethanol-glycerine  mixture  containing  1,3-DSB  was  irradiated  at  -75"  C 
the  chlorophyll  was  bleached  with  the  appearance  of  a  new  absorption 
band  at  470  to  570  nm.  This  low- temperature  product  gave  a  complex 
epr  signal  and  was  believed  to  be  due  to  an  ion-radical  pair  formed 
by  transfer  of  an  electron  from  chlorophyll  to  1, 3-DHB.  The  transfer 
was  mostly  reversed  in  the  dark  in  fluid  medium,  although  a  small 
amount  of  chlorophyll  was  oxidized  irreversibly. 

Ivnitskaya  et  al.  (1968)  reported  that  the  photoreactlon  of 
chlorophyll,  1,3-DNB  and  the  leuco  base  of  malachite  green  proceeds 
by  oxidation  of  the  photoexclted  chlorophyll  by  1,3-DNB,  with  subse¬ 
quent  reduction  and  oxidation  of  the  oxidized  chlorophyll  and  reduced 
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1,3-BH6  species,  respectively,  ie  a  store  coaples  mecttenism.  Such 
reversible  osldatiou-reductioa  sequeace<8)  should  serve  to  slcwisthe 
photofadiag  rate  of  chlorophyll. 


Hydrolysis 

Hydrolysis  of  ia  not  expected  to  occw  under  eavlron- 

nental  conditions. 

Biodegradation 

Cartwright  and  Cain  (1959)  reported  that  an  extract  of  Socardta 
erythropolls  reduced  1,3-DNB  to  corresponding  arylataines.  In  a 
respiratory  study  with  phenol-adapted  bacteria.  Chambers  et  si. 

(1963)  showed  that  oxygen  consumption  was  not  significantly  higher 
than  endogenous  respiration  with  1,3-DNB  or  with  1,3,5-TNB,  indicating 
that  little  or  no  biodegradation  of  these  chemicals  occurred.  Alex¬ 
ander  and  Lustigman  (1966)  reported  that  1,3-DNB  is  resistant  to 
attack  by  soil  microorganisms  as  measured  by  loss  of  uv  absorption  la 
medium  with  5  pg/ml  i,3-DNB. 

Brlngtaann  and  Kuehn  (1971)  reported  that  1,3-DNB  and  1,3,5-TNB» 
both  at  an  initial  concentration  of  136  mg/llter,  were  reduced  100  and 
98%,  respectively,  in  a  two-stage  model  wastewater  purifier. 

2,6-DNT,  1,3-DNB,  and  1,3,5-TNB  were  reduced  by  hydrogen  with 
an  enzyme  preparation  of  V.  alkalescences  (McCormick  et  al. ,  1976) . 

Further  studies  are  needed  to  determine  the  importance  of 

biotransformation  for  1,3-DNB. 

•  ♦ 

1,3, 5-Trinltrobenzene  (TOB) 

Summary  and  Recommendations 

Volatilization  and  sediment  adsorption  are  expected  to  be  signif¬ 
icant  for  1,3,5-TNB,  and  detailed  investigations  are  recocmnended. 

Since  uv  absorption  tailing  into  the  region  above  300  nm  occurs, 
photochemical  screening  studies  should  be  performed.  Also,  photol¬ 
ysis  screening  studies  should  be  performed  in  the  presence  of  a 
natural  water.  Biological  studies  of  1,3,5-TNB  are  needed  to  delineate 
this  fate  process. 


Physical  Froperttes 


Solubility  in  Water 

The  solubility  of  l,3,5~T3iB  has  been  oeasured  by  seyersl 
workers.  Urbanski  (1964)  reported  a  solubility  of  0.03  g/100  g  of 
water  (1.4  x  lO-*  M)  at  17*  C.  Desvergnes  (1925)  found  0.0278  g/lOO  g 
of  water  at  15°  Cj  other  measuremeats  at  50  and  100®  C  are  also 
reported.  The  extrapolated  solubility  of  1,3,5-TIlB  at  20®  C  Is  0.034 
g/100  g  of  water  (1.6  x  10“*  M). 

Vapor  Pressure 

Maksimov  (1968)  measured  the  heat  of  vaporization,  of 

1,3,5-TliB  as  17.5  kcal  inole”^.  That  value  can  be  used  to  calculate 
the  vapor  pressure  using  the  Claus ius-Clapeyron  equation.  Using 
boiling  temperature  of  315°  C  at  760  torr,  the  vapor  pressure  of  the 
supercooled  1,3,5-TNB  liquid  is  approximately  2.2  x  10“*  torr  at  20°  C. 

Nitta  et  ai.  (1950)  measured  the  vapor  pressure  of  1,3,5-TNB 
over  a  temperature  range  of  80  to  132°  C  using  a  modified  Knudsen 
technique.  Those  data  can  be  extrapolated  to  20“  C,  giving  values  of 
3.2  X  10“*  torr  (solid)  and  5.1  x  10”*  torr  (liquid).  The  agreement 
between  the  data  of  Maksimov  and  Nitta  et  al.  is  poor. 

Physical  Transport 

Volatilization  Rate  from  Water 

The  estimated  value  of  H  for  1,3,5-TNB  using  the  more  recent 

C 

data  of  Maksimov  (1968)  is  1.3  torr  M“^,  which  gives  an  estimated 
using  Equation  (A-31),  of  2.2  x  10”*  hr”^  and  (tL)-„„”‘130  days.  These  estl- 
mates  suggest  that  volatilization  of  1,3,5-TNB  may  be  significant  and 
detailed  volatilization  rate  measurerents  nre  recoTT-ieridet!. 

Sorption  on  Soils  and  Sediments 

No  sediment  or  soil  adsorption  Isotherm  data  for  1,3,5-TSB 
were  found  during  the  literature  search.  Based  on  the  solubility  in 
water  at  20°  C  and  the  correlation  of  K  and  water  solubility  shown 
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la  Figure  1,  the  estlmatad  value  of  is  320.  Ihis  suggi^ts 

that  adaorptloa  oa  sediments  may  be  a  significant  eavlrtmtie^tai  fate. 
Therefore*  detailed  adsorption  isotherm  expertmeats  are  recixm&eaded. 

FlB3tolysis 

In  a  study  of  the  stability  of  UTT  photoproducts,  Burlinson  et  al 
(1973)  reported  that  1,3,5-TiiB  in  aqueous  solution  was  unchanged  after 
irradiation  for  6  hours  with  a.  Hg  arc  (presumably  with  a  boroslllcste 
filter  to  exclude  light  >  290  am).  The  authors  apparently  did  not 
pursue  these  studies  further. 

Other  studies  that  provide  information  on  the  chemistry  of  13iB 
but  that  have  no  obvious  application  to  environmental  aquatic  systems 
have  been  reported.  Gold  and  Rochester  (1960)  reported  that  irradia¬ 
tion  of  a  solution  of  lO”*  1,3,5-TSB  in  0.5  N  SaOH  with  a  150-watt 
incandescent  bulb  caused  the  colored  mixture  (presumably  o-complex) 
to  fade  50  times  faster  than  an  identical  solution  maintained  in  the 
dark.  Yields  of  nitrite  and  3 , 5-diuitrophenol  of  95%  were  obtained 
in  the  irradiated  solution.  In  the  dark  reaction,  small  amounts  of 
ammonia  and  picric  acid  were  found  in  addition  to  nitrite  and 
3,5-dinittophenol.  In  the  irradiated  solution,  the  rate  of  nitrite 
formation  was  equal  to  the  rate  of  fading  of  the  complex;  but  in  the 
dark,  the  nitrite  production  lagged  behind  the  fading  process. 

Letellier  and  Gaboriaud  (1975)  reported  that  the  a-complex  of 
and  1,3,5-TNB  ultimately  gave  picric  acid  as  a  product.  Abe  (1961) 
also  found  that  the  colored  complex  of  10~’  M  1,3,5-THB  in  a  solvent 
of  4%  water  In  acetone  containing  0.04  H  NaOH  faded  within  hours  and 
that  the  solutions  then  became  turbid.  The  information  in  these 
papers  is  Insufficient  to  make  comparisons  on  the  similarities  or 
differences  in  the  chemical  processes,  however. 

Stenberg  and  Holtzer  (1964)  found  that  1,3,5-TKB  in  ethanol  sol¬ 
vent  irradiated  for  36  hours  with  a  Hg  laap/quartz  well  system  gave 
up  to  28%  yields  3,3’ ,5,5*-tetranitroazoxybeQzeae.  Stenberg  et  al. 
(1977)  cite  references  in  which  photoreductioa  of  nitrobenzene 


proceeds  by  triplet  state  abstractiom  of  bydrogea  &t&m  ivsm  ismiste, 
alcohol,  ether,  and  hydrocarbon  solves&ts.  In  that  paper,  the  authors 
report  that  photolysis  of  in  1-propanol  at  366  toa  ga^ne 

reaction  qiiantuiQ  yields  that  decreased  fron  0.071  to  0.015  with 
longer  irradiation;  nitrobenzene  reduction  quantum  yields  decreased 
from  0.067  to  0.010  in  the  same  system.  Stehberg  et  al.  suggested 
that  a  nitroxide  fo.  »ed  diiring  photolysis  was  responsible  for  quenching 
the  triplet  state  nitroaromtic  and  hence  for  the  lowered  quanttx^ 
yields . 

Capellos  and  Suryanarayanan  (1972)  reported  flash  ^ot-.olysis 
studies  on  1,3,5-TSB  in  air-saturated  alcohol  solvents,  with  a  tim- 
sient  species  having  at  430  and  500  lam.  'They  state  that  the 

photolysis  mechanism  requires  a  polar  solvent  with  proton  affinity  as 
follows. 

THB  ^TNB  ®TNB 


CSsOH  +  *THB  NOa- 


NOs 


Q  +  CH»0(H)i 


NOa 


NOa 


NOs 


^  ro 


e 


(transient 
HOa  species) 


In  oxygen- free  methanol,  a  permanent  product  is  fonsred,  which  the 
authors  believe  Is  a  methoxide/TNB  conq>lex. 

The  electrophilic  nature  of  1,3;5-TNB  has  been  described.  The 
interaction  of  nitroaromatics  in  the  photostabilization  of  chlorophyll 
was  discussed  in  the  preceding  section  on  1,3-DNB.  Larry  (1967) 
studied  the  charge  transfer  coaplexation  of  1,3,5-TKB  with  chlorophyll. 
Kawai  et  al,  (1969)  found  that  flash  photolysis  of  jp-dlnethoxybenzene 
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in  oxygea-free  acetonitrile  ixi  t&e  presence  of  1,3,3-TSB  pj^&jces 
DHB  cation  radical  via  electron  transfer  to  1,3,5-lSB*  la  this  systa^, 
the  radical  pair  disproportionates  back  to  starting  siaterial.  Aitlsiugh 
the  ability  of  I,3,5~T8B  to  serve  as  an  electrophilic  agent  is  well 
established — as  would  be  eiqpected  for  such  a  oitro“8ubstituted 
molecule — the  significance  of  its  elect ron-acceptiag  character  in  its 
environjaeatai  chemistry  is  yet  to  be  determined. 

Hydrolysis 

Hydrolysis  of  1,3,5-TNB  is  not  expected  to  occur  under  environ¬ 
mental  conditions. 


Blodegr ad  ation 

The  biodegradation  of  1,3,5-THB  is  described  in  the  preceding 
section  on  1,3-IffilB  (see  page  36). 

2«6-Dlnltrotoluene  (2,6-DNT) 

Sumtaary  and  Recotmaendations 

Volatilization  and  sediment  adsorption  are  expected  to  be  signifi¬ 
cant  fate  processes  for  2,6-DST  and  are  recomended  for  detailed  study. 
Photolysis  will  be  a  rapid  process,  and  in-depth  studies  of  that 
process  are  also  recoiamended.  The  effect  of  pH  on  photolysis  rates 
should  also  be  investigated.  No  evidence  was  found  for  the  biotrans¬ 
formation  of  2,6-DNT.  However,  by  analogy  to  other  DNT  isomers, 
biological  screening  studies  are  recommended. 

Physical  Properties 

Solubility  In  Water 

No  solubility  data  for  2,6-DNT  were  found.  Measuring  its 
solubility  in  water  at  20®  C  is  recommended  using  the  technique  des¬ 
cribed  in  Section  H.  A  reasonable  estimate,  based  on  the  solubility 


Vapor  FrfeS8OT<t 

Pella  <197?)  rapcrtedi  tlist  the  vapor  pressure  of  soli^  2,6- 
l^T  at  20®  C  is  3.5  X  10“''  corr,  m  sseasureS  by  a  gats  saturation 
technique. 

haksiiBov  (1963)  reported  a  vapor  pressure  that  can  be  used  to 
estijuate  the  vapor  pressure  of  supercooled  2,6-ISST.  Bis  data  give  a 
vapor  pressure  cf  0.018  ton*  at  20“  C.  This  estlraace  s^as  high  com¬ 
pared  vlth  the  value  for  solid  ZtS^-WT  measured  by  Pella. 

Physical  Transport 

Volatilization  Rate  from  Water 

The  value  of  H  for  2,6-ISIT,  which  waa  estimated  from  the 
c 

estimated  solubility  of  1  x  10”*  M  and  the  vapor  pressure  reported  by 

Maksimov  (1968)  of  0.018  torr,  is  18  torr  M"*.  Then,  the  estimated 

value  of  (k  )  ,  using  Equation  (A-31),  is  3.2  x  10"*  hr**^  and  <t,  )  « 

9  days.  Using  the  data  reported  by  Spanggord  et  ai.  (1963), 

(k^/kg)^^j^  ®*  2.5  X  10"*  which  suggests  that  i®  ^*8  * 

day  and  (t,  )  «  140  days.  These  estimates  suggest  that  volatilisation 

*4  env 

may  be  a  significant  environmental  fate  and  detailed  volatilization 
studies  are  recommended. 

Sorption  on  Soils  and  Sediments 

No  sediment  or  soil  adsorption  isotherm  data  for  2,6-DNT 

were  found  during  the  literature  search.  Based  on  its  .02%  solubility 

in  water  and  the  correlation  of  K  and  water  solubility  shown  In 

oc 

Figure  1,  the  estimated  value  of  Is  about  100.  This  value  sug¬ 
gests  that  adsorption  on  sediments  may  be  a  significant  environmental 
fate.  Hence,  detailed  adsorption  isotherm  experiments  are  recommended. 

Photolysis 

Spanggord  et  al.  (1978)  reported  that  50%  of  the  2,6-DIIT  compo¬ 
nent  of  a  1111  condensate  water  was  lost  after  exposure  to  sunlight 
for  about  1  day.  A  control  solution  maintained  In  the  shade  sh£«^ed 
that  the  saa»  amount  of  2,6-DNT  was  lost  in  about  5  days.  Ibis  sug¬ 
gests  that  volatilization  is  slower  than  direct  photolysis  of  2,6~!!8IT 
xinder  the  conditions  of  the  experiment. 
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Burlinso®  aad  Glover  C1977e)  have  refKsrted  fchae  a  i5D~|»|®8  2*6-lSif 
solution  coBtained  only  0^2  ppn  2y6-MT  after  es|»osi2.re  to  aunil^t  for 
5  days,  the  solution  contained  at  least  40  products  Chy  hple)  and 
30  to  40%  polyaeric  ataterial.  Scaae  product®  identified  by  bplc  were 
asosy  and  azo  benzene  structures  with  methyl  and  nitro  substituents 
and  their  derivatives  (i.e.*  aldehyde,  acid  and  aitroso,  osdme  groups, 
respectively).  Subsequently,  Burlinsou  and  Glover  (1977b)  further 
reported  that  2,6-]S8T  is  photoiyzed  more  rapidly  with  Increased 
4,  18,  and  31%  losses  of  2,6-hKT  occurred  when  IGO-ptna  solutions  at 
pH  4.6,  6.7,  and  10.8  were  Irradiated  for  5  minutes  with  a  borosllieate- 
filtered  Hg  lamp. 


Langmuir  et  al.  (1969)  studied  the  flash  photolysis  of  2,6-CHr 
in  the  saate  system  as  described  previously.  The  act-quinoid  Isomer  of 
2j6-DHT  was  determined  to  have  a  pK  of  1.8,  with  a  rate  constat  for 
tautomerization  to  the  nitro  form  of  2  x  10"*  sec"^  at  30®  C;  the  lat~ 
ter  rate  constant  corresponds  to  a  half-life  of  3.5  x  10“**  sec. 

Langmuir  et  al.  also  determined  that  above  pU  6  a  limiting  rate  cons¬ 
tant  of  0.95  sec"*  is  attained  for  fading  of  the  anion.  The  rate  cons¬ 
tants  for  protonation  of  the  anion  by  HjO  and  Bf*"  were  measured  as 
1.6  X  10“ *  M"*  sec“*  and  1  x  10’  IT*  sec“*,  respectively. 

Hydrolysis 

2,6-DNT  is  not  expected  to  hydrolyze  under  environmental 
conditions. 

Biodegradation 

No  studies  were  found  on  the  biodegradation  of  2,6-DNT,  except 
by  enzyme  preparation  (see  "Biodegradation”  section  for  1,3-DNB).  By 
analogy  to  2,4-DNT,  biodegradation  will  probably  occur  in  the 
environment. 

2,3,6-TriGitrotoloene  (2,3,6-TNT) 

No  reports  were  found  on  the  environmental  fate  of  2,3,6-T8T. 
Therefore,  all  the  screening  tests  are  recommended  for  this  compound. 


43 


‘'B!a^SSrafiaaCBrB~Tir-T~f— rr-iir  I 


Clif®J£®Y  111  GimiICM.S 
2-;gffiiaO"4.6“~MaltyotoluaB;e 

g^aamary  an4  SeccWBaa-datlotis 

Ifo  imblications  were  found  on  the  exxvi.'tonse&ttal  fete  of 
SHT.  therefore,  ell  screening  studies  si^^tild  be  performed  to  Identify 
ekffitteaiit  fate  processeas. 

Photolysis 

Burlinsoa  and  Glover  (1977b)  hav-e  reported  that  photolysis  of 
50  ppm  2“A-4,6-J3®T  at  >  290  nm  in  an  unbuffered  aqueous  solution 
produced  about  70%  loss  In  7  hours.  Six  products  were  evident  by  tic 
analysis  of  the  CHaClj  extract,  but  the  largest  product  yield  was 
only  2%.  The  only  product  Identified  from  the  photolysis  was  4,6- 
dlnitroindaaol e . 


Biodegradation 

2-A-4,6-DNT  was  identified  as  a  metabolite  of  2,4,6--TNT  (Won  et 
al. ,  1974;  McCormick  et  al. ,  1976;  Hoffsoamier  et  al.,  1978),  and 
2-A-4,6-DNT  was  further  reduced  (Hoffsoaaaer  1978).  In  a  battdi  study, 

13  ppm  2-A-4,6-DHT  was  lost  after  3  days  of  incubation  with  sludge 
microbes.  2,4--Diaiaino-6-nitrotoluene  and  2,6-dianjino~4-nitrotolueae 
were  produced.  No  other  studies  have  been  reported  regarding  biotrans- 
fotjaatioa  of  2-A-4,6-DNT. 
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3.4-lDinitrQtoitieae 


Smmmr  aad  Secoiaaecdations 

lk»  literature  oa  tl^  eisviroai^stai  fate  ef  3t4'lW  wm  £<swd. 
Solubility  aod  volatllitatioai  rate  studies  aad  adeorptioa 

Isotbena  e:g|>eriaeats  are  recoos^ded.  Photolysis  screimir^  stt^les 
ia  natural  water  should  also  be  perforaed. 

Volatilization  Rate  froaa  Water 

Ko  solubility  or  vapor  pressure  data  for  3,6-KOT  were  found.  Tte 

volatilization  rata  data  of  Spanggord  et  al.  (l')78}  can  be  used  to  esti~ 

®ate  <k^/k^)^  .  -  6.9  x  10"'  carS  (k*^)  -  1.4  x  10“®  day=-?,  aM  (tjJ  - 

V  g  lab  V  env  ^  ^env 

500  days.  These  estiaiates  suggest  that  volatilization  of  3,4-iaiT  asy  be 
a  significant  etivironii»ntal  fate  and  detailed  volatilization  studies  are 
recomaended. 

Photolysis 

Spanggord  et  al.  (1978)  reported  that  50%  of  tbe  3.4-D$}T  ccfflaponent 
of  a  TJJT  condensate  water  was  lost  after  exposure  to  sussllght  for  about 
10  days.  A  control  solution  maintained  in  the  shade,  however,  showed 
that  the  same  amount  of  3,4-I®T  was  lost  in  about  13  days.  This  sug¬ 
gests  that  volatilization  is  more  rapid  than  direct  photolysis  of  3,4-BHT 
under  tbe  conditions  of  the  experlaent. 

5-AiBlno-2.4-Dinltrotoluene  (5-A-2.4-Difr) 

Summary  and  SecoBaaendatloas 

No  literature  on  the  environmental  fate  of  5-A-2,4-I®JT  was  ftxmd. 
Performance  of  all  screening  studies  is  recoramended  to  Identify  d<H»“ 
inant  fate  processes. 

Volatilization  and  Photolysis 

Spanggord  et  al.  (1978)  reported  that  501  of  the  5-A-2,4-iaiT  a»i- 
ponent  of  a  TUT  condensate  water  was  lost  after  exposure  to  sunlight  for 
about  15  days.  A  control  solution  maintained  in  the  shade  showed  that 
only  4%  was  lost  la  about  17  days.  This  suggests  that  volatilization  is 
aaich  slower  than  direct  photolysis  of  5-A-2,4-raTr  imder  the  conditions  of 
the  e^meri^nt. 
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Tb®  estiaat@a  V4lae  is  1.2  x  Wr^  «®iag 

tit®  MtM.  r«|K>Tt«i  in  Spmg^xd  et  al.  (i9?S).  IMa 
stjggests  t±tat  the  half-life  of  S-A-2*'4~BWr  »oald  be  2fSJ0  dss^Sj 
volatilization  studies  ate  sot  reco»»ef»led. 

Is  the  literature,  a  nuaher  of  processes  are  described,  related 
ittainly  to  the  nitroaromatic  compcnmds,  that  may  occur  tmder  select^ 
^virosmental  conditions.  These  include  the  processes  that  d^end  on 
the  acidity  of  nitroarfflsatics,  r-and  o-cmplexation  of  nitroaxoaaties 
including  charge- transfer  coraplexes,  photoreduction,  reduction  In  the 
presence  of  metal  ions,  and  oxidation.  Should  these  processes  occur 
to  any  degree  in  the  envlroaBSiit,  the  rate  and  equilibrium  constants 
governing  them  would  need  to  be  incorporated  into  the  total  sxjdeling 
expression. 

The  following  sections  describe  these  processes  and  their  poten¬ 
tial  environmental  significance. 

The  Nature  of  the  Acidity  of  Nltroaromatics 

Information  on  several  nitroarooattcs  containing  two  or  three  nitro 
group  substituents  iriicates  that  the  acidity  of  these  coaipomids  is 
due  to  the  Lewis  tcld  character  of  the  aromatic  ring  (Schtane  1)  rather 
than  to  the  more  familiar  proton  donor  mechanism  as  defined  by  the 
Xxwry-Bronsted  acid-base  theory.  In  the  chemical  equaticats 
and  equilibria  expressions  for  the  two  processes,  Ar  is  the  neutral 
nitroaromatic  species;  the  anionic  species  Bx~  and  Ba”  have  the 
general  structures  illustrated  below. 


m  +  hr  i  Br 


eq 


(Ar)(Cr^> 


Schase  1 
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(M)a5a  ^  3 


(!«)*)  a,  s 


)  a  j  a 


Botin  Bi  axtd  structure  1  of  Bg  are  stabilinseid  Isy  resoaaace 
eiectrc>Q'>u'ltliidraving  substituents  such  as  nitro  grot^s  are  located 
ortbo  or  para  to  the  -OH  and  -Oia”  groups  oo  t&e  respective  mimis. 
Stable  aaltms  sucb  as  3i~  forsied  by  reactitm  of  aitroarosaatics  witb 
nucleophiles  are  bno»n  sad  are  called  o-*coi^iexes  or  lieisenhelmer 
coi^leaes . 

In  basic  aqueous  solution,  the  structures  Bi“  and  Bj*'  are  indis- 
tinguisbable  insofar  as  tbe  taathmatical  treatsi^t  of  the  equilibrit^ 
process  la  coocemed,  and  the  equillbritm  expressions  can  then  be 
defined  to  tems  of  a  general  anionic  intermediate  B” 


(Ar)  ^  (Ar)  ({fflr) 

Using  these  equilibria  expressions  and  the  autoprotolysis  relation- 

ship,  (H  »  K^,  the  relatlot^hip  between  the  apparent  acid 

dissociation  ccmstant,  K  ,  and  the  equllibrlua  constant  for  o-coBsplex 

fonsation,  K  ,  can  be  shown  to  be 
eq 


a  w  eq 


thus,  the  acidity  of  the  nltroaro^ttitlcs  can  be  evaluated  in  terms  of 
convQiticrnal  acidity  or  as  the  hydroayl  i<wi  coBqjiexatioa  reaction. 
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iciiaai  <IS54>  reported  the  pK  tabulated  helcH?  for  3&b& 

poiyniltroaroaatlc  coapoueds. 


Sltroaromtie 

CoatpouRd 

'mh 

2,4-I»<T 

2,6-DJJT 

■iKfT 


pKi  at  25”  C 
14.4  (pKa,  18. 0) 
16.8 
17.1 
>  19 

14.4  (pKa,  17.6) 


He  did  not  specify  which  TMB  or  TilT  isoaers  were  studied,  but  presa®- 

ably  they  were  1,3,5-1118  and  2,4,6-tHT.  Schasl  aiao  noted  that  at 

least  one  proton  oust  be  ortho  to  two  nitre  groups  for  a  pK  <  19. 

Schaal  suggested  that  the  acidity  of  the  nltroaromatlc  was  the  result 

of  “OH  addition  to  the  aromatic  ring  as  shown  below  for  HIB.  In 

support  of  this  mechanism,  Bemaaconl  (1970)  measured  the  equllibriun 

constant  K  ^  for  the  reaction  of  TNR  with  oa“  as  3.73  at  25*  C; 
eq 


OlT  + 


HO 


when  this  is  recalcui  "ed  according  to  the  acidity  formalism  of  Schaal, 
the  pKi  Is  13.4,  In  fair  agreement  with  that  of  Bemaeconi,  the  THB 
+  OH”  t-  (THB-OH”)  equilibrium  constant  measured  by  /be  (1960)  was 
2.7  M""  at  25*  C. 

In  accord  with  the  mechanism  of  reversible  OH”  addition  rather 
than  reversible  H"*‘  removal  from  TUB,  Gold  and  Rochester  (1960)  and 
Ketelaar  et  al.  (1934)  found  no  H-D  exchange  when  1,3,5-11*8  was 
placed  in  OaO  at  0.5  U  and  8  U  NaOH,  respectivaly.  The  difference 
between  use  of  water  and  ethanol  as  solvent  for  measuring  the  acidity 
of  'TNT  is  difficult  to  assess.  Nevertheless,  the  data  presented  by 
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Caldln  (1959)  indicate  that  ia  aa  ettwnol/ethojtida.  sy3t«,  proton 
transfer  from  the  methyl  group  is  about  two  orders  of  masnltude 
slower  than  the  rate  of  ethoxide  addition  to  the  ariaaatic  ring 
at  25'^  C. 

Although  this  information  indicates  that  nitroaromatles  in 
aqueous  solution  will  not  be  ionized  In  the  envlroiuBencai  pK  region 
of  about  3  to  10,  Letellier  end  Gaboriaud  (1975)  reported  almost 
complete  ionization  of  TNT  in  micellar  solution  (using  hexadecyltri- 
taethylammonluB  bromide,  CTAB)  with  10“®  S  NaOH.  The  relevance  of 
such  a  micellar  effect  on  the  environmental  chemistry  of  nitro“ 
aromatics  is  not  known. 

Charge  Transfer  C<xnplexe8  with  Wltroaroaatlcs 

Zeichtnann  (1972)  has  discussed  the  interaction  of  htaaic  substances 
with  various  chemicals .  He  cites  1,3, 5-TNB  as  an  electron  acceptor 
that  may  form  charge  transfer  complexes  with  humic  substances  serving 
as  the  electron  donor.  Chlorophyll,  present  in  both  terrestrial  and 
aquatic  systems,  also  forms  charge  transfer  complexes  with  l,3,S«'niB 
(I.arry,  1967).  No  information  has  been  found,  however,  that  Is  useful 
for  assessing  whether  these  complexes  occur  at  the  dilute  concentra¬ 
tions  of  nltroaromatics  and  of  natural  substances  that  are  expected 
In  aquatic  systems  or  whether  the  formation  of  such  complexes  alters 
the  environmental  chemistry  of  the  nltroaromatlc  relative  to  its 
chemistry  in  less  eutrophic  waters. 

Regarding  the  charge  transfer  complex  between  nltroaromatics  and 
chlorophyll,  the  role  of  nltroaromatics  In  stabilizing  the  photofading 
of  chlorophyll  has  been  attributed  to  the  electron-acceptor  properties 
of  the  nitrcaromatic  system}  this  chemistry  is  described  in  the  sec¬ 
tion  on  1,3-DNB.  Vrbaskl  (1950)  suggests  that  the  stabilization  is 
due  to  a  complex  between  the  nltToaronatlc  and  chlorophyll.  The 
stabilization  mechanisms  suggested  by  other  researchers  do  not  require 
complexation  but  only  a  net  reversible  electron  transfer  between 
chlorophyll  and  the  nltroaromatlc.  No  Information  is  available  to 
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determine  whether  Irreversible  electron  trimsfer  from  ohlorofih:^!!  or 
other  natural  aubstancea  ma^  produce  traonaformatiims  of  tiitroarcttiatics 
in  aquatic  environs^ts.  The  irreversible  formation  of  such  a  reactive 
radical  anion  would  probably  produce  some  reaction  of  the  aitroarot^tic. 
Oiarge  craaafer  cos^leration  of  nitroaromatica  with  natural  substances 
requires  investigation.  If  the  nitroaromatlc  c<»&plexss  are  formed  in 
the  aquatic  environment »  their  uv~visible  absorption  spectra  sn^uld  be 
different  and  therefore  the  photoch«3Bical  transformation  rates  would 
be  different  than  those  fcr  nitroaromatlc  in  pure  water.  The 
V'complexed  nitroaromatlc  may  also  alter  the  relative  importfuice  of 
the  various  fate  processes  (l.e.,  oxidation,  sorption,  photolysis) 
than  for  the  nitroaromatlc  alone. 

g^Complerea  of  Mltroaroaatics 

Sasaki  (1973)  has  measured  the  kinetics  and  equilibrium  constants 
for  sulfite  addition  to  1,3,5-TNB  at  25*  C.  S0,“  +  TUB  (TNB-SOs'')'*. 
The  forward  reaction  has  a  rate  constant,  k, ,  of  (3.70  ±  0.22)  x  10* 

M“‘  sec"*,  with  an  equilibrium  constant,  K,  of  (3.22  ±  0.45)  X  10“  MT*. 
These  values  may  be  cotiq>ared  with  the  data  for  CSl”  addition  to  1,3,5-“ 
HifB  reported  by  Bemasconi  (1970) s  ki  «  37,5  t  1.8  M"*  aec"**  and 
K  «  3.73  ±  0.37  rf"*,  The  o-complexes  for  acetonitrile  anlon/2,4-IHIT 
and  1,3,5-TSB  (Gitis  et  al.,  1975)  and  for  cyanide  ion/ljStS-TSJB 
(Gan  and  Norris,  1974a, b)  have  also  been  described.  Because  *-he  high 
concentrations  of  strong  nucleophiles  required  for  these  complexes 
do  not  exist  in  natural  aquatic  environments,  formation  of  o«coBq»lexes 
most  likely  will  not  be  an  important  influence  on  the  environmental 
fate  of  nitroaromatics. 

Photoreduction  of  Nltroaromatlcs 

Several  studies  on  the  photoreduction  of  nltroaromatlcs  have  been 
reported.  These  reactions  appear  to  proceed  by  a  hydrogen  atom  trans¬ 
fer  from  a  donor  molecule  to  the  n-ii*  triplet  state  of  the  nitroaro¬ 
matlc.  Sandus  and  Slagg  (1972)  have  measured  the  disappearance  quantum 
yields  for  photolysis  of  several  nitroaromatlc  compounds.  These  data 


are  useful  only  for  deteridnlag  the  relative  reactivity  of  these  eost~ 
pounds  insofar  as  envlronseatal  photolysis  evaluatiomi  are  concerned 
because  the  photolyses  vere  carried  out  in  heptane  solvent  end  at 
25A  nm.  Seme  of  the  disappearance  quantum  yields  reported  are 
lated  below. 


Disappearance 


Nltroaroaattc  Compound 
Nitrobenzene 
o-Ni trotoluene 
o-Nltrotoluene 
m^Dinltrobenzene  (1,3-IWrB) 

2, 4-Dinitro toluene  (2,4-MT) 
2,4,6-Trrr  (in  cyclohexane) 


Sandus  and  Slagg  also  found  that  oxygen  did  not  affect  the  quantum 
yields.  The  products  of  the  reactions  were  suggested  to  be  nitroso- 
aromatlcst  with  a  nitrophenol  also  suggested  to  be  a  photoproduct 
of  nitrobenzene. 

Burley  and  Testa  (1966)  reported  the  photolysis  of  nitrobenzene 
at  366  tun  in  Isopropyl  alcohol  solvent.  They  claim  that  the  photolysis 
proceeds  through  the  triplet  state  of  nitrobenzene,  which  abstracts  a 
hydrogen  atom  frem  the  solvent  to  ultimately  form  phenylhydroxylamlne. 
This  product  is  then  oxidized  in  the  presence  of  air  to  give  nitroso- 
benzene.  Reaction  of  nitrosobenzeue  and  phenylhydroxylamlne  produces 
azoxybenzene .  The  latter  product  was  quantitatively  formed  when  both 
nltroso  and  hydroxylamine  compounds  were  present  at  greater  than 
2  X  10"*  M,  but  in  dilute  solutions  at  10"*  M  only  nitrosobenzeie, 
and  not  azoxybenzene,  was  formed.  The  quantum  yield  for  the  disap¬ 
pearance  of  nitrobenzene  measured  in  this  system  was  'v  1  x  10"*.  How¬ 
ever,  Stenberg  et  al.  (1977)  subsequently  reported  that  the  quantum 
yields  for  photolysis  of  nitrobenzene  and  1,3,5-TtlB  In  isopropyl 
alcohol  decreased  with  increased  irradiation  time.  They  suggested 
that  formation  of  a  nltroxide  radical  during  photolysis  quenched  the 
triplet  state  of  nitrobenzene,  decreasing  the  quantum  yield. 
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‘£h«  j^botoreductloQ  laachanisn  described  does  expleia  fonsstion 
of  aitrosoarossistics  aad  azony  benzene  ccH^tmds,  but  the  environuaeatal 
relevance  of  such  processes  is  difficult  to  evaluate,  tbllke  isopropyl 
alcohol  or  even  heptane,  uater  la  a  very  poor  hydrsg^  atom  donor  in 
radical  abstraction  reactions.  Furthermore,  althou^  soma  evlde«sce 
suggests  that  naturally  occurring  substances  possess  efficient  radical^ 
trapping  properties,  the  ability  of  these  substances  to  serve  as 
hydrogen  atMi  donors  in  reduction  processes  has  not  been  determined. 

Reduction  of  Nitroaroaiatics  by  Metal  Ion 

The  facile  reduction  of  nltroaromatics  to  Intera^diate  or  fully 
reduced  forms  by  a  variety  of  reducing  agents,  ranging  from  basic 
glucose  to  strongly  acidic  stannous  ion,  proiq>ts  consideration  of 
possible  environmental  agents  that  might  also  effect  their  reduction 
by  electron  transfer. 

A  mode  of  electron  transfer  in  the  environment  is  found  in 
sediments  in  the  form  of  simple  or  complexed  Fe*+.  Electron  transfer 
from  can  effect  cleavage  of  C~C1  bonds,  probably  via  radical 

intermediates . 


Fe*+  +•  R-Cl  -*>Fe*+  +  R«  +  Cl" 

This  process  can  also  be  envisioned  as  a  loss  mechanism  for  the  easily 
reduced  nltroaromatics.  Examples  of  this  process  for  chloro  coiq>otmds 
are  found  in  reduction  of  DDT  in  soil  (Class,  1972),  reduction  of 
toxaphene  In  estuarine  sediments  (Williams  and  Bldleman,  1977),  and 
by  Fe  protoporphyrin  (Khalifa,  Holmstead  and  Castro,  1973). 

Although  the  high  electronegativity  of  nltroaremiatics  suggests 
that  this  class  of  structures  would  be  susceptible  to  electron  trans-* 
fer  from  Fe*"*"  in  some  forms  and  thus  would  suffer  partial  reduction, 
no  published  reports  on  such  studies  have  been  found.  (In  circiaastan- 
ces  where  nltroaromatics  are  rapidly  lost  by  photolysis  or  by  some 
other  process,  reduction  by  sediment-bound  Fe*+  probably  would  not 
compete,  especially  is  view  of  the  generally  low  sorpclcm  equilibrium 
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constants  esdilbited  by  aost  aitxoaroaatl'C^.)  MataetheleaS}  a  brief 
exaiaifiation  of  this  possible  loss  p7o<^8  se^s  'm.Ttmtttd  because 
virtually  aothiag  is  kaowa  about  the  possibla  r^age  of  rate  eemstaats 
aad  the  fact  that  aitroarosastlcs  in  water  aay  be  exposed  to  lar^e 
siBounts  of  Fe^  sedliseats. 

Oxldatton  of  Sltroaroaatlcs 

Nltrcaromatics  in  aquatic  systems  may  be  oxidised  by  a  direct 
photoprocess  involving  reaction  of  sc^  intermediate  quinoM  or 
diradical  form  with  oxygen,  in  which  case  the  photochemistry  (quantum 
yield  and  spectrum)  will  control  the  rate  of  the  process.  Sonphoto- 
chemical  oxidation  may  also  occur  via  reaction  only  with  free  radicals 
such  as  ROa*  or  RO*;  singlet  oxygen  probably  is  too  selective  to 
exhibit  any  reactivity  toward  nitroaromatlcs .  The  literature  records 
only  one  or  two  citations  to  quantitative  studies  of  oxidation  of 
nitroaromatlcs  via  the  radical  process 

^OX 

NOaArCK*  +  S02*  ^  IKJaArCHa*  +  ROjH 

The  co»at«it  (or  oltrotoluone  la  about  balf  that  (or  toloobe 
at  30®  C  «  0.012  s“^)  and  indicates  that  additional  nitro 

groups  will  probably  deactivate  the  ring  further.  Since  toluene 
reacts  with  ROa*  with  a  half-life  in  aquatic  systems  of  2  x  10^  years, 
and  polynltroaromatics  should  be  less  reactive,  we  conclude  that  free 
radical  oxidation  of  nitroaromatlcs  will  not  be  an  ia^ortant  environ¬ 
mental  fate  process;  hence,  no  studies  are  needed. 
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Appendix 


PSEDICnOS  OF  VOLA.TIWZATIO®  SATES 


Two-Flla  T^asory 

The  two-'fllffi  m&&a  transport  theory  is  the  sistplest  ffiathesouitical 
description  of  the  evaporation  process  from  a  liquid  phase  to  a  gas 
phase.  This  theory  was  originally  developed  by  Wbitoan  (1923)  and  vas 
recently  applied  to  the  problm  of  the  evaporation  rate  of  chemicals  frw 
mter  by  Liss  and  Slater  (1974),  Mackay  and  Leinonen  (1975),  Smith  et  al, 
(1977),  and  Smith  and  Boafaerger  (1978).  The  basic  concept  Is  that  there 
are  two  boundary  layer  regions  near  the  gas-llquld  interfacial  surface: 
the  liquid  phase  boundary  layer  and  the  gas  phase  bovauiary  layer. 

The  transport  of  a  substance  through  a  boui^ary  layer  is  assigned  to 

be  by  molecular  diffusion,  because  the  fluid  flow  is  laminar.  The 

diffusion  process  can  be  described  by  Flck’s  law  in  one  dimension,  where 

-2  -1 

the  flux  of  the  substance,  N  (laoles  cm  sec  )  is 

N  -  -  D  If  (A-1) 

where  D  is  the  diffusion  coefficient,  C  is  the  concentration  of  the 
choBlcal,  aitd  z  is  the  vertical  distance.  If  the  concentration  gradient 
3C/9z  is  constant  within  the  boundary  layer,  equation  (A-1)  can  be 
rewritten 

N  *  kAC  (A-2) 

The  mass  transport  coefficient  k  has  the  units  of  velocity  (cm  sec  ^) 

and  is 

k  »  D/fi  (A-3) 

where  5  is  the  bo\mdary  layer  thickness.  This  equation  is  correct  for 
both  the  gas  and  liquid  phase.  In  the  development  below,  the  subscripts 
g  aiaii  a  refer  to  the  gas  and  liquid  phases,  respectively. 


A-2 


The  flux  through  the  liquid  phase  boutidery  layer*  is 


**£  “ 


<&“4) 


where  is  the  mass  transport  coefficient  of  chemical  in  the  liquid 
phase*  is  the  concentration  of  the  chemical  in  the  hulk  liquid  phase* 
and  C  is  the  concentration  of  the  chemical  in  the  liquid  phase  at  the 
gas- liquid  interface  (moles  cm”'*). 

The  flux  through  the  gas  phase  boundary  layer,  S  ,  is 

O 


N  »  k  (C  -  C  ) 
8  8  sg  s' 


(A-5> 


where  is  the  gas  phase  mass  transport  coefficient,  is  the  gas 

phase  concentration  of  C  at  the  gas-liquid  Interface,  and  C  is  the 

S 

concentration  of  the  chemical  in  the  bulk  gas  phase. 


For  any  substance,  the  flux  through  each  boundary  layer  must  be 
equal  to  the  overall  flux  from  the  bulk  liquid  to  the  bulk  gas  phase,  N. 
Henry’s  law  relates  C  and  C 


C  -  H  C  „ 

Sg  S£ 


(A-&5 


where  H  is  the  Henry's  law  constant  (unltless,  as  defined  here).  Then, 
substituting  equations  (A-5)  and  (A-6)  into  (A-d>,  we  obtain 


N  »  k, 


fw-lfl;-,)] 


(A-?) 


Collectii^  teres  in  N  axai  solving  for  H  gives 


(k'AT 


(A— 8) 


In  the  laboratory,  0.  The  volatilization  rate  of  the  chemical,  R^, 


R  *  K/L  «  k  C, 

V  V  £ 


(A-9) 


wiis&re  L  is  th«  deptlht  of  the  li^k  liquM  phase  C‘cs)» 


a-10) 


Henryks  law  can  also  be  t^ritten  as 

«  H  C,  (A-U> 

c  i, 

c 

where  ?  is  the  vapor  pressure  of  C  above  the  solution,  and  C„  is  the 

-1  * 

concentration  of  the  chemical  in  solution  (in  laoles  IXtex  »  M).  The 

-1 

Henry's  law  constant,  is  in  units  of  torr  M  .  From  the  ideal  gas 
equation, 

«  KT  C  (A-12) 

t 

where  R  is  the  gas  constant  and  T  is  the  temperature.  Substltutii^ 
equation  {A-12)  In  (A-11)  and  c<»aparing  the  result  with  the  fora  of 
Henry's  law  as  expressed  in  equation  (A-6), 


fi  «  RT  H 
c 


<A~13) 


Making  the  conversion  to  H  and  C„  In  M,  equations  (A-8)  and  (A-10> 

C  J6 

become 


<A-14) 


and 


*  w  l 


-1 


(A-15) 


When  the  liquid  phase  is  water  and  the  gas  phase  is  air,  typical 

values  of  k.  and  k  for  aolecuiea  are  10-50  cm  hr  ^  ami  1000-4000  cm  hr  ^ 
^  S  "i 

(Liss  and  Slater,  1974).  The  value  of  RT  is  18,300  torr  m"  at  20®C. 
Therefore,  if  10  torr  M  ,  the  second  term  in  equation  (A-15)  is 

Mali  and  will  be  determined  by  the  value  of  k^.  This  m^ns  that  the 


A— 4 


— |-^^-^l^^-^.^Jn^^|-  jiwioLL  i .. 


rate  of  ims»  eraaaport  CvoJ^tilieatioa)  is  ilsaitesS  hf  Siffasim 

tte  iiqaii!  phase,  h&tmiasy  layex,  Wa  have  caileaJ  tl^t  fit  withls 

"I 

this  class  **lti£h  volatility  coapotiads.'*  Similarly^  if  <  10  tor?  H  , 

the  secoi^  tern  ia  equation  CA-IS)  donixtatas  aoi  the  rate  of  volatiltsatioa 

is  limited  by  mass  transport  in  the  gas  phase.  ¥e  have  called  tiKsse 

—1 

"low  volatility  costpout^s.”  If  is  betifeen  10  and  10^  fcorr  H  ,  hath 
terms  are  iaportamt.  »e  have  called  these  ”iateraediate  volatility 
coapoinida.” 


Estimation  of  the  Henry's  Law  Constant,  H 


If  a  value  of  can  be  estioated,  then,  as  shown  in  the  following 
sections,  the  volatilization  rate  of  a  chemical  can  be  estimated,  ^ihen 
the  liquid  phase  is  water,  the  value  of  for  a  liquid  Cat  20°C)  can  be 
measure  (Hackay  et  aX.  1979)  or  estimated  from  the  vapor  pressure  and 
the  aolubiiity  in  water  using 


H  •  P  /C 
c  ^  sat 


{A-16) 


where  P^'  is  the  vapor  pressure  of  pure  liquid  C,  and  C  „  is  the  solubll- 

SAiC 

ity  of  pure  C  in  water  (M>  at  20°C. 

If  the  vapor  pressure  of  the  liquid  is  available  only  at  some  t^ap^ 
erature  other  than  20°C,  the  integrated  fora  of  the  Clausius-CIapeyron 
equation 


1  12 

“  KT 


jl\  . 

1.937 \t2  ^  291/ 


a-17) 


can  be  used  to  estimate  the  vapor  pressure  at  Tj  “  20®C;  1?2  vapor 

pressure  at  tmperature  vapor  pressue  at  293  K,  atai 

ia  the  heat  of  vaporization  (cal  BK»le~^) .  B&tause  this  extrapolation 
may  not  he  accurate  over  a  wide  tmperature  range,  the  vapor  pressure 
should  be  measured  at  20^C,  if  possible.  Methods  for  measuring  vapor 
pressure  (Thomson  and  Dovslin,  1971)  and  solubility  (Mader  and  Grady, 
1971)  have  bees  reviewed. 


A~5 


If  fche  cbessical  is  &  solid  at  20®C,  £ite  ■yapor  presmare  that  siKwid 
ba  used  io  eqmtioa  {A-17)  is  tbe  vapor  pressure  of  tba  supercooled 

c 

liquid  (Frausaltst  1969;  Mackay  et  al.  *  19?9),  fia»  be  ealcu- 

lated  using 


in 


vsi 


vs 


Pf 


W 


ik~m 


f* 

where  is  the  vapor  pressure  of  solid  C  at  teaperature  T  (293  K), 

is  the  heat  of  fusion  of  C  (cal  mole  ^),  R  Is  the  gag  constant  (1.987  cal 

—1  -.1  * 

K  aole  ),  and  T  is  the  aeiting  point  (K).  Then,  H  for  a  solid  at 

13  C 

20®C  is 


H 


c 


exp 


Low  Volatility  Coati>ounds 


(A-i9> 


For  low  volatility  compounds,  only  the  second  ter©  in  equation 
(A-IS)  is  significant.  Then 


H  k 
LRT 


(A-20) 


If  the  volatilization  rate  is  gas  phase  mass  transport  resistance 
limited,  a  useful  equation  would  have  a  form  that  would  allow  the  ratio 
of  the  volatilization  rate  constant  of  the  chemical  to  a  second  chssical 
found  In  the  environment  to  be  measured  in  the  laboratory.  The  obvious 
choice  of  the  secoiui  chemical  is  water.  Thus,  the  water  evaporation  rate 
would  be  measured  in  the  laboratory  and  used  to  estimate  the  volatiliza- 

Q 

tion  rate  constant  in  the  environment, <k  )  ,  using  the  eavironaental 

V  env  ^ 

rate  for  water  evaporation.  This  concept  is  ciaiplicat«l  by  the  fact 
that  the  rate  of  water  evaporation  is,  for  dilute  solutions,  a  aero-order 


4k 

This  equation  contains  several  approximations,  which  are  discussed  by 
Prausnitz  (1969). 


A-6 


process  because  tbe  couceetiracloB  of  wte?  4oes  »ot  clissge  dmit^ 

ration.  Water  evafroration  rates  are  ussally  «^|»ressM  in  units  of  de^tb 

■*X  *«1 

C3.ea®tfe)  time  ,  wbicb  is  epiival^t  to  units  of  fltat,  volwm  arem** 

time 

tbe  value  of  the  gas  phase  mass  transport  coefficient  for  «ater> 

k.  t  is  calculated  fr<m!  the  water  evaporation  rate  or  H  .  For 

S 

dilute  aqueous  solution^  the  equilibrium  partial  pressure  of  wter  above 
W 

a  solution,  P  ,  i a  expressed  by  Saoult's  law  Cwhicb,  like  Henryks  law, 
cannot  be  derived  fr«a  first  principles). 


rj  V  w 
P  «  P  X 
s 


(A-211 


where  P  is  the  vapor  pressure  of  water  at  the  surface  t^perature,  and 
W 

X  is  the  sole  fraction  of  water,  which  approximately  equals  1  for  very 
dilute  solutions.  Then 


f. 


a~22) 


Also,  for  water  hence,  mass  transport  of  water  Is  only  gas 

phase  limited.  Then 


N" 


(A-23) 


Two-film  theory  assumes  that  the  mass  transport  coefficient  Is 


S 


8  8 


(A-241 


Then,  the  ratio  of  mass  transport  coefficients  should  be  independent  of 
the  gas  phase  turbulence.  Therefore,  we  suggest  that 

-  D^/D^  «  constant  <A-25) 

8  8  8  g 


The  superscripts  C  and  W  refer  to  the  chemical  aiid  to  water , 
respectively. 


A-7 


B 

B 


»  cosstaat 


C&-26> 


Solviitg  eq«atloa  (A-20)  for  k  , 
for  (fe^>  gives 

V'SESV  “ 


subscitutii^  ioto  {A~26>,  asi  solviag 


These  equations  suggest  that  the  ratio  should  be  constant  and  independent 


of  turbulence  in  the  gas  phase  (vlnd  speed) .  Also  the  value  of  the  ratio 


C  W 

(k  /k  )  can  be  estiaiated  by  calculating  or  laeasurlng  the  diffusion 

V  g 


coefficients  or  the  ratio  can  be  measured  in  the  laboratory  and  he  used 


to  estinste  (k  ) 

V  mr 


We  are  not  aware  of  any  experimental  data  that 
support  equation  (A-28) ,  but  studies  to  verify  the  equation  are  currently 
in  progress  at  the  SRI  laboratory. 


Diffusion  coefficients  can  be  estimated  using  oethods  reviewed  by 
Reid  and  Sherwood  (1966).  However,  Lias  and  Slater  (19?4)  have  proposed 
that 


iA-29) 


where  M  is  the  molecular  weight  of  CMipousKis  1  and  2.  This  equation  is 

A-8 


a  crude  th^t  hm  little  scisatifie  hmi&^  tet  ^^ipate 

J— _ _  .*.J?  1^^/'*.^  «rrlk.^^  _ _  ^*1.  «:aft,V  '4^^  -.J-Jf 


1  2 

for  prelljsliiar;^  esti^tes  of  k  /k  *  Tbea,  solii?iisg  C^*2§>  fcsr-  amM. 

&  S  '  ' 

aastbstitsitioa  iato  the  first  tens  of  eqoatiim  we  e&talsa 


coas'taot 


CA-30) 


(k^) 

V  eav 


(k  )  « 

g  eav 


g  /lab 


%  K^Ck5. 


L  ET 
ew  env 


{A-31) 


E<}uation  (A-31)  cao  be  used  to  estiaiate  the  volatilization  rate  constant 

B 

of  a  low  volatility  compound.  The  value  of  {k  must  be  estisstcd 
froffl  field  data.  The  water  evaporation  rate  has  been  carefully  raeasured 
for  several  lakes.  The  results  are  shown  in  Table  A-1. 


TABIJS  A-1.  WATER  EVAFOMTIOW  RATES  FOR  LAKES 


Location 


Average  evaporation  rate 


Keference 


Lake  Hefner,  Oklahoma 
Lake  Head,  Arizona 
Pretty  Lake,  Indiana 

Average 


Harciano  &  Harbeck  (1952) 
Harbeck,  et  al.  (1958) 
Ficke  (1972) 


Assuming  that  the  average  relative  buiaidlty  is  50%,  the  average 
W 

value  of  k  for  freshwater  lakes  is. 


k”  *  R-  RT/(P^  -  p“> 
g  w  s 


(A-32) 


(18)  (17. 5) 


This  approximation  would  be  correct  if  diffusion  through  the  Knudsea  layer, 
which  is  1  to  2  mean  free  paths  above  the  interface,  determined  the  net 
evaporation  flux.  However,  it  can  be  shown  that  this  diffusion  is  fast 
compared  with  both  liquid  and  gas  phase  mass  transport. 


0.59  cia  sec 


1 


1“ 


1 


I 


I 


« 


i 


Ki 

i 


L 


i 


®  2100  cm  hr 
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The  following  procedure  was  used  to  estimate  the  lower  limit  of 
that  would  cause  the  enviromental  half-life  for  volatilization  of  a  low 
volatility  ccmipound  to  be  lees  than  three  months.  The  half-life  for 
volatilization  of  the  chemical,  t,^,  can  be  calculated  from 

t,  =•  In  2/cS  (A-33) 

=5  V  env 

Q 

If  the  half-life  is  less  than  three  months,  (k  )  must  be  greater  than 
-8-1  *  V  env 

9  X  10  sec  .  Substituting  the  following  representative  values  into 

equation  (A-31)  and  solving  for  we  obtain 

(k^)  >  9  X  10  ^  sec 

V  env 

“  250 

R  =  62.4  torr  liter  mol~^ 

L  -  200  cm 

env 

T  -  20°C  *  293  K 

(k'^)  2100  cm  hr  ^  =  0.59  cm  sec  ^ 

g  env 

H  ^  <9  X  10~b  (62.4)  (293)  (200) 

<18X  250)^  (0.59) 

>2.1  tort  M~^ 

Thus,  if  is  greater  than  about  2  torr  M  the  environmental  volatili¬ 
zation  rate  of  the  chonical  may  be  less  than  three  months. 


A-10 
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